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[I«**i] iM±<z>mffi*!18te# , J 
AUK. l «±oSlB«S9, isitfiaioWWfc-^tt^^ 

[t***2] wiRriB4*y^— u-cusn 

±cD^#f£t Kn*i//Ht****i-5, §»**1IE« 
[f«**3] ?B«^r«B*jKy-v— ^l£A±©3?*»E-T 
[1***4] KttSMt*s^*< ife»»«^D ? ify 

^*t-^**v\ w** i KMomam, 

[f***5] *«RT«4*!J-r-#lK±©3f#K-T 
#y^-££tr, W** i iaft©*a/£fc. 

[1***6] R**a5*±lc^!JTSSrli«ti-5*ft-C 
fcot, lEJli©^i^4*y-7- l£JLh«>»* 

ori* i enioWtSMtfc^SlMMfc*. If 
[M**7] ^f§^&#y LTiy 

[t***8 ] sMH^nBft#y -v— * i K±fflMi-7 

[§*** 9 ] BM48Mfc;JS'>fc < t i>UftftK?v y *y 

[§«** i o ] 'wK*\Wf& v i u±v%mm- 

[1***1 l] B«#**#4MKK**fcttfc3*»l= 
«t9@ffl^^5, »** 6 IS«c»*?£o 

[1***1 2] 5, !»**6!E 

*<7>*fe 

[1***1 3] R^^Sft^SSRSr-ttP, l***6fSite 

[f***15] IS* 
*1 AWtoto? 

[1***1 6] /^!J7Ii:7* hu-v^ hJlOlBIKGB 
£*Wc, KltlK^-x^^S^c-ati", 1***1 

bffil. 5S^n>-^T-cOJ?:$^*1-5v 1***1 4IS 



[i***i 9] mm#mi>mmmx-ib?>, i***i 4 is 

[1***2 0] ««flE»*SS**-gftf, t***i4ia® 

[1***2 i ] mnwmty* v u-^* hgorflfc^y 

[1***2 2] ^nJ^^y-r-^*^*fiiLTl 
£k±<D%mmt Kn*S/vWb£**rfrtN «**2 its 

[«**2 3] jiMB^rieft#y i«±©***i- 

7;uft K«§£ti£ratJ, f***2 1 IStt©*ife. 

[!***2 4] BM4a5ffc#4>fc < i fc»£WU::/n 
f^**£*4v\ 1***2 lfS«<o#r£ 0 

[1***2 5] ?S1Sprffi*#y^-iiSlWJ:OT^#K- 

h*Ky-7-£^ti\ I*** 2 1 8E*©*8s. 

[1***2 6] mnit&mmmmx'hz. 1***2 1 
[t***2 7] mmfc&fc&mmz$tf. 1***2 11s 

[1***2 8] /<!)7I^»2 0 O^V^* ho-A^ 
fctfjl. 5S^n^T-OJI$5rW-r5> !***2 115 

[1***2 9] a) **©±KR«ft:BSr*Pi-5X 

a. 

b) ist±©SBfl|BriB*#y^-, i»±©itti, 1 

c) <ptj:< th$t&mc/<v TUtimzmk-fz^+ft 
Kw.mz.m#&Mm^, ^yrasr^i-sxs, 

[1***30] a) mfr<D±.\zmm#-mzmmi-z>iL 

b) i£i±o*fl|-5rffi*3ify-v-^ i^±<7)^ttE> 1 

jfi y -?-kffltim<0'J>t£ <Hio«5i £A±©»ttaMfc 

xe, 

c) />*< tfc«5»«)ic^yT*a^«j*sEfk-r5K+^ 
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e) SMEW: = -7^ ^y<D&ffi\C7* Y\s*J* r-gfc 

ia@i-sxa, 

£-£ti\ m^x/^xwJKitTffeo 

[00 0 1] *3893tt-8K«*?W*<0j^c6S1- 
S„ .fcUSMBtctt, ^^teW^/^*©®^-*^ 

[0002] ynssfcii^^^tff/'! 

3 - r w v 7* ts. if <£> # < © ^1 Sftf>l ± \z m% £ tv 
So 7* M^7 hfiS^^^-^Srte^-t-SWlCffl 

r-f ^S&SflUifcj&fcU 7* h t-77 r-Jf£&lc 
7* hv7 7 (1^7 A' (reticle)) •SriiLT 

MLx^m^<ommt, m\±»Mm^MLxm^m(o 

^"BJbEJC&So 

[0 0 0 3] 7* r- t-77 H47K^M*fcf4*#MW<^ 
fWt'felir i:^T-#S„ (5irA/ifcD^^fS7^- 

x-f 7 7*Jf S|5#{4 . 7*1- U-^7 hffjA4ftO%ett^ 
^l(photoactivecompound) b Ho" 

S„ 7* Wlf&#3f4S3I^T-^&T*<fc<9, De 

forests Photoresist Materi 
als and Processes, McGraw 
Hill Book Company, New Yor 
k, fg2f, 1 9 7 5 ,4 XfM o r e a u , Semic 
onductor Lithography, Prin 
ciples, Practices and Mate 
rials, Plenum Press, New Yo 

rk, m2mtsxnm4m (wf^^,^>7^^^^^a 
[ooo4] 7± y- 1-77 h <D&£mm*. *m#w& 

S^irT-feS, mW£?± r-#DX;!>^<7?@lft£- 



jgj#-f Sfc«>i;:fi^-efcs„ m*(oy*v u-77 hiPX 

7* r-t-77 7£#S, «t9fiR*lS«>— o 

[0 0 0 5] ^rWj; 5 ^7 P a-fe7(Cj3V^T, 7th^ 

*Iia5 7t h h<£> Tj}f7X-77* (p o i s 

o n i n g) J (4, *ilB*«ie©Jgfi!tofc»K*r#-e*> 

&t*f4, 7* h U-77 hg(C*J^T/<7 — 7-ft$ttfc-T 

-77 Hliffid»e>©ttltlft©Slttt» H5t'P(c:7^ h 

Jft, ^B#iC7^- h 1^7 r-<£>7^ 7iH^*9— \Z% 

So *st»tt*e>KS*/7* ht-77 h#iE*»e>, m 
micioTt^-Yvinw^sj^^cSo *a 

[0006] mmmw^Rm-tz e>tc 

(standing wave effect)] tL 

X{c:fcttSfeJfcit©$;&£&<+fcfe^ 7* H/-^ 

btiZ. Vfrlsft&b, 7th^F/WEtO 
*Mti»<OKW©fc«>fc, *fe*fc{4*#fe%Wi^Sr7^ 
hu-77 h^*(cffl^S»-a-(c, »*-&5 I P»*s«tlJ { P 

ftftAltftt^U 7* hu-^7 hrtfc^&^JFM 
1"So «SMtt*(*li*©»-&t-*3^Tf4, S^SOTct 

3t^^EgE©1S/J>^t?S^S» (underexpos 
e d) 7* ht- 5^7 S»T-Pp^Si4ffi^ 
-TSo ^* 7 FS©Sl4^^7d- hU-^7 hcD^Uk&m 
tfSC 7* M^i^7 h7n7-f— yKCio^T 

xy^7Mf-f- (edge acuity) OPp^B 
7* hU'77 H:^*87c-rSi:r^S3fei- 
Sfc»(^^1-SS^^cD^»^Ji7c-rs«-C\ 7tM/ 
v=7 Sfc&t'^f SF$Mf4— (£(£7;i- h ^v* 

7 hcoff^cOiiiDMicT'fcSo Ld^L/«C^e>, 
*cDfc*(r, S3fc<OPflf4, 7^- hC0)»$*[R|{C 

tj^r, jgiS^ l -cft^ffi t M^mrnxmit-r s hps 

(harmonic component) ^r"a tf Q 7 
* h u-77 r-c0ff$^7F*S-T**>S^, Pp^M(4$ ^ic 

[0 0 0 7] i^^¥#»T ? -'^7--(7?S}fi(D^(p)(cj; 
9, HH#tCfc^T^^ (DUV) 3ft (W3 0 0 
nm0T) , KrFxifv'vl/-f-)t (2 4 8 n 
m) , A r F^df-S^U— if— ft ( 1 9 3 n m) , tt^ 

mis £xi&xm<D£ o \m%%M^$i&*m.< -rs»# 
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cDPn'JSSrSlb^S, 

[0008] Sit $Hfc«clt^cDP^a^f£^i- 5 fcfeiC 

ltP;lLt = fc IS T A R C <b fW 5 JftttltKHX 

tr-foofc 0 0>J;Ui\ PCTtti«iW0 9 
0/0 3 5 9 8^, ©:ffl#l^ttiiS^O 6 3 9 9 4 1 Al 
^fcil/^H^fFJM 9 10 122^ 14 3 7 04 0 
5-§-*3j;0 J ^4 3 6 2 8 0 9-?- lZtltb<DXffii\Z.£;V Z> 

fig. 5 #B ARCfcitfTARCJlk— J&l'SIt 

IP5lt Jf * 7t (i^MESitia^^ £ L T ^iJclcfEift £ ixT ^ 

[0 0 0 9] F^^77-f- (topograp 

h y) (ijottS/^y^-^a yb»M^t5RW 

pinging radiation) ^fit* CO 3 ^ f. 
a —/v £ tcx V ^£ V ^fs]^»a* £ teSlt £ -tir 5 - i: ft 

[0 0 10] h^77^f- (C*5ft5^y 3.— i > 

{4, *B#rrSg4 557797-? (Fuller et 

a i. ) icm^^tix^^o #y (t^^/w 

^ i?T^ y u— h) (PMMA) <75Jte?6tlJ¥^T*SrW 

t5. pftJBttftSWfctt. {fc¥««W« (CM 

p) , Jyf-y^itJt|)iy h<7-5^/V-)S^ttDi0t 



[ooi i ] sfto h^K^77^— {djofts^ym— 

3 5 W^M<Di\tL<DM Adams e t a 

1, , Planarizing AR for DUV 
Li thography, Microl i thogr 
aphy 1999 : Advances in Res 
ist Technology and Proces 
sing XV I N Proceedings of S 
PIE vol. 3678, part2, p p 8 4 9- 
8 5 6, 1 9 9 9{CgB^$HTI/^. Z-flii, %.Mffi± 

[0012] mm&m±^ v>7* hv^ hgcott^ 
fcb-r. ^M4««frJi*si»a*fctt^*ai* (p/c 

VD) tcj; ttc#(cP^Mt^5o =fc 

o ta t£4 x=. >- y<DM^it^,±ic mmm £ n-cv^* t ^ 

^ ^ecoi 5 7* f - K^>7 h 

(photospeed shi f t) „ !)7f <f 
^, yn77'f/i'©^L Sfcti-f-T*^/-?^ — 

7 , Dt^|:i3lt5hV>'f7 f !)7'f-^i'3>' (tr 
ench delineation) COP^CO t"T®i^, 

XnV^fi, r-f-T'UV (DUV) 7* hi/ 

■c^ra*fk^w-'<y Tzmm-tztK ^<t?£5&bar 

c t4Mmf*S K: J: a * o J: 5 *#-f X= u r ^ 

[0 0 13] Lfc^oT, P*#:a^<t57* I^V-^ 

h id jk- x- v >f%imztt -r 5 y r srnw-f 

[0 0 14] *5l0^t4Ktt#:@{cJ:6 7^- h \s>J* YM 
W3y^;^->3 V*fcf4^-<X=>-^**, 
f£ ^ L ffiSS $ * 5 r. t V % $ tL „ 2^5g <T)<$$m 

safe. $ e>tc, *#§iittj©£ift&*.'aw:'* r (b 
owing) , mmu-k. isxtfyyTj ( f o o 
ting) SSEKWKi»^4v^U?Hlll**Srt^j!, 

[0015111 (Dffi«tc*5^r , *56WH: 1 WiroS? 
WBT(ift#y^'— , i£A±«>»«iK, l £l±co^«SU. 

TWi#y ^-tjiB«ja©**< tfc io#i»±oi 
[0016] m2<Dmmiz3d\,^x. ^mm\-x. mmw-m 
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Rrt&fctfy-^-, isi±<vmmm. i£Ji±©3g«si, *3 
«t t>* i et±©»si srfrtf ^< y rmmmr-h o r . »r 
y -7- t SMWWWiMe < t 1> i i &.±<otm 

[ooi7] jg3«5«B«ic*jv^T. #*wtt, tstmfWi 

y t Kttffl0>4>& <Hio/):i £Jl±©»tt«Mfc«: 
[0 0 18] #4©«8«fc*5VvC. #3893tt, VMBfftl 

[0 0 19] *5 0««K*3^-C» a) Sft 

# y -r- t SMKW©4^4 < t 1> 1 otfi 1 £A _L©BM4*Wft 
c) t fcWdttC^J 7lW*tBftt8 K+» 
[0 0 2 0] »6©«B«fc*J^-C, #»Wf4, a) Sft 

©±fcR*»Ji zmmt 3 IS, 

b) l£A±©SB«Br«*jKy^-, 1 EJLh©lfcftfel£, 1 

# y -7- fcJRWM©^* < t t> 1 o*s l WXco^feglHi 

is, 

c ) '>£ < t t>gB#ffjic^ y r»***r*fl:i-*»i:+^ 

d) /<y TSO*5tcSttBSih = — r-f ^^SriBS-t-S 

saa-r sx*§, 

[0 0 2 1 ] CT{ejfl$*tSfc©t LT, 

;i-;A = ^y^hD-A; r pm=l^H*fc5C@ 
|5§C ; %w t =tt^'-ty h ; mo 1 % = =ejU% ; m 
J =5 y 5?a— ; cm 2 =¥*tyf;-^; L = 



y j/ h/V ; mL = 5 y y s> bA-o fflM TtK y £ 
T^y^J £f4, T9 fiT? \);U<Dffi 

Zb^ftmt (y^) r^y^-hj tt4, 

y V— <£tM 9T 9 ]) V— Y<nW5^tic n 
me* fflK r TtDfl'T^ Kj ti4, T^'J/u 

r^n^yv;*— j *fci4 mffiffli (4. *^»a§^*3 

*j ii4, t*7\ h ^Vf^fc4tf:L;t^6©*fl^•£fc>-fr£• 
^,•>5 0 r7a- ^■•y — (feature) J <ti4, 7V* 
-^*£f4U.«>£ Lfct*©^t^ h y— SrVPo #fc 
f&lc^StvCV^^Ktm, ^TWft(4fi*^— Irv h 

[0022] &mwnmn,ftm, maipvr>-£tzizc 

V D £ ftfcfMtttJI t y TH 4r*-f Sr»#t-f 5 
rt{cM-r5 0 *5&BJ{4$e»icp*^S(cj;57^- ^ 
v?^ h*/ci4KWK±='-7 i -i->^«'©^^=^^* 
7tf43>i? 5*—>a ^*»^«^b?|if«S*5r. tic 
HS-TSo *^Wi4#(c, 7^hu-^^h, RltP^ih="- 

[0023] &mw<vmj&mt, 1 »±©sb« ^r«** 
y-v-, i«_h<75®ttM, iw±(75^«^j, joit^iw 

■r-t5efiSffl©'>^< 1 1> l o*s 1 eiiOgfttSMtSrW 
i4, SB«^riB*7J?y^-, JKffi«l*fcH:-e©W*lc#SE 

ti4, ^-7 L /v*fcf4^^7 1 /u-to«fc5*, f^k^tu* 
fcf4^$^T7 , "n y ^ SixfcBW4*Sr«*Urv^v^ 

v^j ti4, BH4«Mfc<o 5 o %£Ji±iK ttg^$tL*fcl4 

SiH4£H5o »*L<I4, ^ttSI5{i<0 3 0%{^±, ±«9 
ifSL<(4 2 0%^±#, tM$fl^t^ay?$ 

T14, */w#'>-g?, fctx.(4 
%9Wi t K n * i/Mk&<fo<D J: 5 * t K n * V/Hk-g- 

^tf^ t*s»* 

[oo2 4] *ffinrf&*#y^-#a-&¥<fctLT, i 
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v >r »± . K&asffi * -r a * / t — ttftffi W k ttito 1 a» 
e>#<J 9 9 $f * L < < i fc^J 3 i 

0#*L<tt'>*< fctiRj5*/u%» Sfej;:,fc0»*l, 
< & t>#b 1 o Jrc#&-r 5. Wcflfai 

tt>^20, 30, 40, 50, 60, 70, 8 0, *5 
itf9 0^w%©^l8{££#1-5*/^— £"£iri><£> 

[0 0 2 5] «8WK*sv*T*ffl4, 3BWBrtB**y^ 

a (c x -c 6 ) r^3*^*^*s*>tfe>^5*s, w 

«tt«B«»J»±, 1 «fc 9 fc^SH4*Mfc, fc t l «fc 9 
t#v«t Kn*i/M, Sfcfi^SJ^t Kb*v 

[0 0 2 6] AfflttKtt, SRtt »Iffift# y -v-tttt 8 0 
0 0«T, ff*L<J4#J5 0 OOfiTF. «tO»*U<tt 
1^)3 0 0 0«T^li¥^Ml^#t§o »««riB* 
W<t^3 0 0, #*L<*4'>ft<£ 

0, i^Iil<^3 0 0^5 0 0 0tfe§o 
[0 0 2 7] *»W©^^TtB*#y^— J4/h**5^T- 

y-T-©#»*«, *ftfrfc**¥J&$^*fcRW£ 
^S^cOit^ (Mw/Mn) tbT*M4Wt5>tt5o * 
*W03^!Jt— ttASiWfctt, '>ft< til. 5. 
L<^>4<itl. 8. ±9#*L<J44>ft< t fc 
2. 0, S5>fc«t9»4L<tt'M<tfe2. 5. $6 
l££«9*S<D'>ft< i<>3. 0, *t>»*L<tt^>*< t 
t>3. 5COMw/Mn, i"4b*>#^lfcftSr*^So *t 

jfiKlil. 8^<b4, £<9»£L< 14 2 

[o o 2 8] »*4»«nr«*3ify -r-t utn 

FMfc ioi^y (tf^^oi/-/u) 
<0<fc5ft, l£Jl±<ot: Kn + ^Stlr^/^^l^ 

-TA'-r t: K*HMfe£ LTf4, 7^/—t^J Tjf? 
!&»mif 6ix5*sr.ttKR3g$tt« fctf>-CJ4ftV\, 

^ «JHitt^t*P"CS> 9 . K i r k Othmer Enc 



yclopedia of Chemical Tec 
hnology, 15t, 1 7 6-2 0 8^ 19 
6 8Sr^tp#<<oTiJtT«5l-H!**^"C#3 9, nMWfrmc 

ft 7 a y -/u»jffi^*(ofc»fc-jRW^ttffl Sixs 7 
*y-/u-c*>S*K #JxJ4, WcB*3ii$fc©-Cttft 

\/J— /l^Joitfp - t e r t m / — y^&i4 C 

7zn/ — /W:fc4tf4, 4' -^y7 P nfc^!JT^7 3 :y 
— /uSrttC*i:i"5fcf^7 3iy— /uoj:5ft. lOtK 

L<f4, m-^l//-/K m-joil/p-^U/-/^ 
2, 5-*S/uy— /K tlFC^HbO^ 

J4, *^(c*5l^W*'J^ffi$tLSr t^-c^5 0 
[0 0 2 9] ftffl^tlST/u-^e KttjfcSttUlHt/IVi'A 

fci:x.fiTir h7;vft F\ 7;U7;U7^ft F\ 
JSilF^SSeT/i^fc K^J:5*1^7^ft KSHE/H 
•TSvlttT^So »*tv^fi7^rt KJ4. t K 

★aW^BttOfcfcKffiiftffi^airWtfeT^t K£L 
TJ4, 2-^nn^yX7/Vft 
^yX7/l/ft h\ 4 — fc Kn^^MyX7/V7fc 
h\ 2-^ ^^yXT^ft h\ 3«^hn^yX 

ffifffi*. fci:^li^7t^A7/vft Kfc«^$ft5» 
}?fl7^ft Ktt#iL<tt^7/>ft 

m&1fo<D'>te< t h 9 GM%-effffi1-£o 
[0 0 3 0] 7x;^-Af77«i 

i« z F / >ftv^r «^fc5:tm, 
mm Lfc»JB«r«* LftV^T^ ^ y -^co^iSf'JT'fo 

Ki:<DJfcl4, HfiJl. l*fl. OjJ^I. 0*fl. 1 <£>Pfl 
t*tt5:t^#5o fctxtf, *H#fF^5 9 3 
9511^(Zampini) #fld. — 

2. 5, ff*L<f4^4< tt>»3. 0, J:'9»^L< 
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[0 0 3 1] ffifc<7>t Fo^^/H^xfi/yttJfc 

TPVi'—hs 2-b Ko*^o tVu (^^) y 
U— K 3-fc Ko^n (y^)T^yi^- 

v^y =z-/i, (^ y u— K tf^ (t Kn*v 

ai^-yi/) -Y*=a*—K tT* (t Kn^Vxf /!/) V h 
^n^— h. tf^ (t Ko^vxf/i/) ;7-^u— K t: 
KnJrVxf/W^^^- h, 7* V ;^7j/-;K 

[00321 **w<o*«*5riB«3« y 

3 ^/U%, L < tt*J>fc < t ^*tJ 5 ^rvW%, J: <9 £P* 
[0 0 3 3] »Kl*Jfl4»« -BriBft#y^— tt, 

- x fctfctf (^^) y h#y ^— «r&tft><& 

*S**<fc<>2. 5, ff4t<li'>ft<it>3. or* 
[0 0 3 4] **!BO*«iiIiB4* J -r-SriStSfc 



K r^tr-tv u?) r^yu-h. (^*) 

r^y/i*) > #y ( 7?y^7?K) , #y 
(r/w^/u c**) 7^yi/-h) . #y (t/^^/l. 
r^yu— h) , ^y (^#S£ r^y 

[0 0 3 5] AlWIulj:, *5SWt-*3V>-CWffl*T/^ 
/l- ^) y M±, (C ! -C 2 4 ) 7Vl^/W 

U^) r^yu— h-efe& 0 friSfcTvi^/w 

7^y l/-h^tTfj:, rp-^yh (low cu 

t) j Tfr*^ (*9) y h, y Ytiv Y 

(mid c u t) J TfV^fV (J?) T 9 V bl$ 
±T>* r/»T* y h (high c u t ) J T/V^r^ (^ 

t><o-ctt*v\ rn^^/ hj t/i-^/w (y*) r^y 
^) 7^yu-htim ^f-w^7^y 

(MM A) , ^f^7^U-K xf^T^y I/- 
K /ntVM^7^y U-h, ^^7^1)1/- 

h (bma) , 7W^y^h (ba) , 

yi/-h (I BMA) . ^**/iV*9T9 V 

[0036] rs ^ H#y hj T^*/w (^^) y 

(^^) 7^yi^-biim 2-xf/^dre/;l/7 

^yu-h (eha) , 2-^^ l /^^v'/^^t^ y 

^f;M?7^!)i^-K S f*/A'}9?#y 
hs 4 V s f*/fl'*9T9 V is— h (IDMA, M 
(C10) T/^/^m^i^M^^— * 5) , ^ 
yf^/M 9T9 V K K-r v-^^ ^ T ^ y h 
(7Vy/l<>*9T9})l/—hbLXh%lbfhZ>) , hi) 
y s iy/^^9T9 ]) K fh77^M^7^!J^ 
h (^ y **f~)V* y hir LTt^Pbtt^) . 

^f^;M^7^y^h, ioit/rnbo^ft 

*«*il^»l:Lttt, Krv / /t / -^>'?7 fs >^^ 9T 
?}) ls-b (D PMA) , W.m&>£Tffti&m(0 K^V 

9T?Vls—h (LMA) tfmfbtl&o 
[0 0 3 7] rw*y hj T/^^f/l- (^^) 7^1/ 
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W^*^% t^T'fc^c y Y7j\s*;V 

y k ^y p ?7*i//i'*?T? V i/™ K ^9 9^^ 
i//uy^T^ y u— K = >vM ^T^ ]) K 
5t>0>T»lifcv>. W^7^hT;v^ (y*) T^Uu 

a^«j-efc5-fe^-^>f ^> y ix— h (c 

EMA) ; tmc^^rff^i^^ 9 3 f*Sfl'* 9 
7 $ V Is— h<Dfe&WX*hZ± s ?/l>-XT7 V /^?< 97 

^ y u — h (sma) &mfbtiz&zhb\cmi££ti 

[0 0 3 8] _kxE<7)^ y K-*y h *S «t U^-f - # y h 
T./W^r^ (y*) r^yiz-h^y^-n lit, K 

ib*t^3— /Hi, Tfr**&tfmmiw^& i o-i5 

cOjg^-efcSo wttb^T/wa— /WOWt LTIi, v 
ista Chemical company h 

f?7—f&mk (Ziegler catal 
yzed) ALFOL7/^-/K 1*^fc>"b, ALFO 
L 1 6 1 8*3iVALFOL 1620, Shell C 
hemical Compan y frh<D$k* tl = f—>fy 
-iHtNEODOL7/l/.^-/K -tftfrh, NEOD 
O L 2 5 L , itUtt'C Proctor&Gamble' s 
?i(OTA- 16 18^J;t;CO- 1 2 7 0<D£?f£3zj£ 

WOfcftlctt, T/u^/W (y*) T^yu—Hi, 
SiT/fcfi/rOr/U^ (y*) y h®D D D Sr^tP 
£tf"0*<, A*Jtifc»So7;^/u U9) 79 V 
LT^tf, TV^/i" (y*) 7^u- h 

[0 0 3 9] *»H^*3V^T*-ffl*T/U*/W 7 

9 y h^ey-^ — ft, *»M/-7-^fe5^ *fc 
fcSct^fSo **WK::}3^"C*JB** (y 

9) 7^y^7n^<t(;7;^ (y*) r^yu- 
f(o» (y^) r^y/w^ Kfei^/v*^ (y 

7^!JL/-h^;v-i: Ltli, t Kn*V (C 2 
-C 6 ) TVi-*^ (y*) T^yu-h, v f 7/v^;V7 
^/ (C 2 -C 6 ) -T/uar/U (y*) 7^yi/-K 
^7^7 5; (C 2 -C 6 ) T/l^/1" (y*) 

W:#ffl4W7M^ (y*) 7^yi/-K 
y^-ti, 7/^^m^lSX±<OM Kn*i//v»Sr*-t- 



^'bCOT^fot), t Kn^r^/^S^T/^/WSJC*5 

l^T/SHS (2 -ft) |£& 5 So WSkT/V^/V 

m&ttt&m*it\*mm<n (c 2 -c e ) t/i/*/u-c*5 

tKa^>7;^ (y*) 7^yu-K;v-« 
»|4tFn^>7^ (y*) 7^!li/- 
h^e/T— £ LTfix 2-tKo^>3if^#7^!) 

h (HEMA) , 2-tKn^f;V7^^ 
h (HEA) , 2-b Kn^^o }*>V*979 V is— 
K 1 - ^ f ;!/- 2 - t K n v^xf ;M ^ 7 ^ U 
K 2 - 1 Kp *^-^o ^ !) i/- h , l-y^ 

^f/M^7^Ul/-h, 2-fcKu^^W^ 

t£R££*u*fc©-C»i*V\, gKBfcb Kn^i/T/U*/W 

(y 79 V is— b^e/ v-(j:HEMA, 
-2-t Kn^>/xf/^^7^y 2-bKn 
^v^n bVPy 97? y K fe^l^ix 

l"b Yu^t^xj \?jv*979 y is- h] Sfcli THP 

maj twrn^o 

[0 0 4 0] #3PJ^C:&^T^ffift, ftfc 

(y^) r^y u-b^ 7*1)^7^^;^ 

— tt, 7/^^SCv ? 7^^/V7^ ys*fcfi^r/^^r 
;^7 ^ / 7;^^S^tt § t ^)tfe5o ^Er^i^^e 

K^J£LT(i, WW^xf/M?7^!)^ 
^f/V7^/xf;l/7^1/-K N, N-^ 
^ /xf/^ y/VT^ H\ N, N-v^yf 1 

/u-7 5 /^d bVuy ^T^ 7 U/WT5 H\ N, N-^y 
f/U7S/^f/M*7^y^75 K, N, N-v^-^ 
f^75/if/^#7?!J/V7U\ N, N-^^ 
/VT^/:/Pb 0 /W;><*T^ y/WT^ K, N, N-v?^^ 
;v75;^f^^7^!l;U7SK, N- (1, 1 
^^U-3-^-^y^/^) T^y/HT^K, N- 

(i ? s-^ix/v-i-xf-zv-a-^y^f 

/H 7^9^7SK, N- (l-^f;u-l-7x^v 
-3-^^y^/W ^?7^y^7U\ *5±T*2- 
kKn^>xf;l/7^!);V7U\ 7;/xf;Vxfu 
UT(DN-y y/ur^ K, N-y^T^y/V 

is con u-r ^ k, &mcztib<om&w*mfbti 
[0041] ^jsw^^rffl^d&^ittft (y y u 

- h^/-7Hi, v-^o^vhy (C r C 6 ) T/W 

=3^i/->y (y 9) 7$ y h, y-/Dt>nj 
(c 1 -c 6 ) T/^/^>y/u (y^) r^y 

c 6 ) r/w^iyy/^ (y^) 7^yi/-h, 7-^ 

bV^ (C 1 -C 6 ) T/^^r/U (C 1 -C 6 ) T/i-xr^ 

v^>y/^ (y^) s> u-k b^/u^y (c^c 
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6 ) (*9) T9 ] J^—b, tr-yy^ 

(C r C 6 ) Ty^^v^ (C^Cg) 7;^/W>!) 
/y (*9) T^y U~ K fcfxvy (C 1 -C 6 ) T^-zl 
(Ci-Cg) T^A-vy A' T^UU 
-K tf^A'MJ (Ci-Cg) TVy^A^y/y (y 

[0 0 4 2] *^^co^Fg&a-ey -^-i: bt^/it^ 
/^fi^/^-i-lj:, ( TSTYj ) , a- 

yfvy^^y-y, tf:x/^ h/ym>\ p— ^^/vjx^u- 

(D^u?>-m&%trmm£',Rut^h*, vr/, (c 

X -C 10 ) T/^=*">, (C x -C 10 ) T/l/^r 

/K ^/i^ (C x -C 10 ) T/i/^^y, #/y#=*-v\ 
T ^ / , (C 1 -C 1Q ) 7;w^7^ yf^ft^o^ 

yxte4 - t^/wt°y *j>^<d\?~ ;nfy ^y ; 2-y 

5 - fcfxi/y b° V v>>\ 2 -rc^-/V- 5 - fcfxvyfc 0 

y>>y. 3-y5vv-5-^xv^t o y >>>\ 2, 3-v> 
y ^/v- 5 -tr^/vtry v>>\ &tf2 -y fvu- 3 

^vi<— 5 - t:^/!/tr°y ^^cofg^T/^^ (C x -C 

8 ) Mn- tfxvyfy v^v ; y ^s&^y y y&o* 
y=^y y v ; N-t^/v^^n^^^^ ; N-tr^w 

yfD7^^A ; N-tf~/i-t: 0 n y ; fcTxi/Wf ^ 
y—/l> ; N- t^/^/W^y— ;ls ; N- tf .xvi/.x ^ W 
5 K; T^yo^by/U; o-, m-, XI* 

p-7; 77f l/y K; N- tf^/^^rf-^/ 

y K> ; N, N-S^^Vl'T ^ y^i^/U-tf^ /U-m— 
tv^ ; x-f-si— 2 -*/T J7 9 V b ; t^;V7t h 
=. h y /y ; N- \*=-A'7 9A"< ^ K ; N-tf^w-^ 

- t°n y 3-y ^vw- 1 -t^-fp y Ky, 
4-^^-1-^-^^^^, 5-y^vv—i 

-t^/v-t'nU Ky, 3 l - fc'xvy— h°u 
y K>\ 3"yf/V-l-t^;v-t°D!]K^ 3, 3 

-^f/wi-fc^-t'ny py, 4, 5->>y^ 
/y- 1 - tf^A—tfn y K>\ 5, 5-v^y^/w-i- 
tf^/y-b°n y Ky, 3, 3, 

^-t°py Ky, 4 -jc^u- l -bf~yy-fc°n y K 
>\ 5-^;V-5-xf;^l-t^-t 0 n!iFy 

M3, 4, 5-hy>f/v-i-t^-t°py Ky 

^N-t^fa y Ky ; tfxvy t°n— /y ; fcfxvyT 

[0044] ^^c&^r^&fD^y £ urtffl 



^-te@^#<£>*£j4 0^b*5 8 5%, £?£L< J3*J6 0 
[0 0 4 5] *|SWIC*5^T^rffl*SB«»Jtt, SSffi "Iffi 

v\, #JBfc*«#JJc:Bu >^-s hy-, fh7, Xtti 

zi—;\s?yT 2 y h y y ^n— /l^^n/^V h 

!)7^U l^-h, yxf i/y^y^-yuy^/vx-r 
/K h y fc^/i^y^ n^^rf-V. 7U/M^^yy-h 

( talmaj ) . ^^i^y^y *>—fr*J*9 9 y 

h ( r E G DM AJ ) . *J^\s\s>fy^*->\'*j*9 9 
}) Is— b ( TDEGDMAJ ) , tVy/y 
^??!I^K tvy^y a— ;v*J79 V v- 
h'J^f p-z^n/^yhy^^^yy-h ( n. 

MPTMAJ ) s V ( TDVBJ ) , ^ 

y i/vvuy y u— K 2, 2-^y^/^n^^ 

1, 3i?7 9))l>'—h. 1, 3-^f^!)3-^ 
T^yu~h, 1, 3-^^93-^?^!) 

1, 4 -^y^-zu^^y u-k >^ 
f i/y^!J3-;^7^y y-h, yxf i/y^yn- 

;^^^y y-h, 1, 6 - ^^IfVv^— /WJ79 

y 1, 6 - y^t-A'^^ * ^ !) 1^- 

hy^atvy^y^-^^yy-F, Fyx 

^yy/yn-y^^^y y-h, fh7xf uy^ 
!)3-;^7^1)^h, ;f yxf uy^y 3-/1^2 0 

o^r^jy- x h^^^u-y^y xi— /y^y 
yi/-F, ^yxf yy^y^-yyy^^^y y-h, 

y;Wb t:^ 7 x / Av?;« ^ ^ y y- h > #l)xfi/ 

y^yn-/^oo^^yi/-K ^y w?^*? 

Or—jv) V79 y ^y9^ V * V b—/^ bVT 

^yu-h, h y^fp-/^p^y h y ^ h^y b \) 
79])\s—b, ^yiry;^n^^yhy7^y y- 
K ^x5^y h— /y^ h77^yy-h, 
xy^y h-zyy 1 hv^^^y^—h. s^o^^y* 
y t Ko*^^7^ y v^tf^ 

y7y, hyt'x/vyyy, ^f/^t*x;vy7y, 
^ex/Mf;yy7y> ^ f/vh y trxvyv-^>\ v^^ 
x^ytfx/yy^y, ^t^/y^m^/y^y^ hy 
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(^^yuhf^wixn^^^) , #y (fc^yut 
H^rV^y a— 7U0>£ 5*7" h5 (Ci-Cg) 

[0 0 4 6] *»w<DSB«»jtt*»M<oiia^»{c:*3^T 

#<0j|S)l*»&#;>3 0%, ff*L<tt*!)10^b^25 

%, «t 5 i< i 5 ^e>^ 2 5 %©i-eff4t 

IUft«^SRfllS««rMiK-ra r. fc cor-# affiled b<DX 
fc^7!)-|(free acid) *5j;V»^«#J 
(acid generator) ti*fo\f btl%>* V V 

v^/^^K, K-rvvw^i? v^/i^v^ 4oJ:t>*h 

[0 0 4 7] »^»JtLT'tt, *a»^fiR#J (TAG) 
*5±tf:7* hl^dOO (PAG) , :fc±t^*L<b<D?l^ 

j*»JfcLTtt. 2, 4, 4, 6-rF7^n^y^A 
Jrf v^x/y, -<y/>f y hi/^h, 2-^ho^y 

7VK XA'* >-m<DT $ fc t x.f£ K^vyW^i? 

X (p — ^ p n 7x^) —2, 2, 

[0 0 4 8] IMUKM:. I^WKtt#38««)iafi»(lj"P 
■JU^ttO. I^b8%, #SL<ttB»#<o*&0. 

[0 0 4 9] ##w<0*&/**tt 1 K±«>»»J«r-aftf. SB 



>^y ^i— yi/^^/mi— 2 —^7? / 
fLgtx^vK £JLhtf>^y x/K 

0iJxtf2-^ h^^/l^-TVU (^7^A) % :n 
^U^^y ^-y^y ^A^— 7VK 7 5 nfcVy^y 

J;(;xhJr>y7 e D/V^;^T;K f:t^^ 
fc'l/^^y ^vl^— yvKT-fc^— k 

tru^*/^*— k &£Tfitfl'^-'7 t ?'*y9 hy* 

jSU i-*fefe**< t *>*& x 7 o°c, #*u<»i^*< 

» ^TtfflCffflt 5 : i I §o 

**W©»af±l£t±©<l&OtS*li:JB'fr"ra-i: 

tt, t t> lOOM«7 5°C^ib^2 0 0°C<D 

W<Hlo«»2 0 0* 
J*©*Ml«r*U '>4<tt>io©ioWI!i2 0 0 

[0 0 5 0] **W<©*ftj**tt, l EA±coftfe^ 

i/^— hcoj: 5*— JSStt^^r/^fcjf 
"TlB*yf3:IB*»O«90. 5H«10%, 94Ktt» 

[0 0 5 1 ] ffiS^#®ffitt^Ji: Lttt, 
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[0052] ^mm^^^xmwi^i) >rmt ux 

(1 Wi tco frb<D&&% Si lwet 7604tL 
fctt3M C omp a n y fl»e>A^"Jffift#ffif£143iJF 

C4 3 otmif btiz>o ^(DXo^^v^^M^ma 

[0 0 5 3] *^B^CD|a^(±RWKih = -rW^^t 

CD J; 5 Tfcm^fi 1 9 3 n mWm&^m LTRltKifcm 
fc (431 EB £ fc t x £ (4?S£- Id J; 9 91 to 

s«*iftftfc*5v^-c, *&o. 3 a»e>jre>o. 8©*fM 
nab ft&&m&*mm<z>fi&f&mzw.mux-z> z t &x 

[0 0 5 4] »8J + ©tt4*fi&#©«#, i »± 

fflj*$l<7>£-ff MrCDjjSj 0 . 5!d>f,2 5 m*%T*fc 9 . 0 
* b < HH^^Stt. JBriMfco-frW^*©*!! 2 f> 2 
0*a%-C&5 o *^^<0ffl^(±, fig^SrffiEC>li# 

[0 0 5 5] iff^M^> fcirx. 

agfr, Matt. ^y^h**4if©«jftK: 

teffl £2x5 ^^N-coi 5 ifilf^W * cossets 

Z>zktfX'$z 0 Sf*icigffl1-5l^, *i8M«)lft*«»tt 
Sfl«B±K:El $ *tfc a a V ^£ S4S 

5S*u>\ £?£L< i4^2 0 O^^* hn-A^P, 

Wicti, y rm^m\±. *be oohhsii 6 

0 0^-V^ hn-A, if* L<i«tl6 0 Ofrb 12 0 
[0 0 5 6] 1"*t>t>, #36 Wi; fjffiftSftil^y 



[0 0 5 7] *^C0/< y 7i(i> fiEr^COpm*®, » 
*L<ttPVD*fc»4CVD*tl8l*ixfc»fl#», icj; 
5, h US** h* fcl4EWK.lt a-^-r ^ 

fls*z7>94 ^"^^"y (s i 1 sesquioxane 
8feK$tbfc'>y ^r- h*if©^y 3V^^TR«fltJi*s*> 

So 

[0 0 5 8] ftSWl-f4, #IPJcDia/&#lt4&)7 5frb 
m 2 5 0 1\ »* L < OiKl 9 0 i» 2 2 5 °ClCiPfi-T 

< t y-il 0%^tS$tb5r i^rw5o />*!J7Mft 

w ^^^ttfes^sr i xs*fc» 2 is^ ^ tcp-rs 

a:^-T5^ l cota^fcJp^L, -ov^>/«c< i 

2wias*sj;^fflra, *^Bjcoii^^pfi-r5o 
[0059] -mc ^mcDm^um 1 5 ^t>^ 3 

6 0&\ ^L<lifil5^^12 0&\ J;9^f*L 

<a^30^b^i 2 o©\ se>icj:9»*L< f4#«»6 

o#, g|{t;$ix5„ AfrttfciMMMIItt:, 5g1fSiJcDa 
^T. 7th^HiJ 5 , TBcoJitcgaM^ttT 

[0 0 6 0] f^T^^, #{C^fr!7^/N-60Mjt 
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(cjo^r, tztzLimmm* (pvd) *fc»ft*j»# 
(cvd) {zxvffimfcmtfuiuimm&ivZo -ti 

[0 0 6 1 ] 7* h/§£>;K-f X~^4fctt=i 

feSMrf-WiM (SEM) <DO»fS^ST*fcSo 

h#-/V<&£*«^««» (SE 
M) OWfffi^JtT?fc5o HlfcJttRl/T* =^*^h* 

jjf^f X- > fc tt 3 >- * 5 3 v# * <b £ 
A, 1 5 0 0*y^ ho-A, tij;t;2 o o oty^ 

i$n^^ri>^^ /KD^aca^ss^gE (sem) 

[0 0 6 2] ##WH\ a) £#<0±K:ttttfrJI«rf^ 

rsxa, b) iKi«pji?i#^- m±<o 

««prtB4* y ^-fc*«M«>*ft< <^ fc 1 oas l £JL± 

tcffiM-r^xs. c) '>^<t^?ii^y7» 

[0 0 6 3] #SS9iB\ a) *f*CO±(C^m*S?rti^ 



*«Ri«6«2Ky ^-tas*#j^*< t h i i sx± 
(cgafi-r^xe, c ) **<fct>«»»ic^yriarii* 

^•r^XS, d) /^y TJioaBlCKJttRFJha-y-f ^ 
^£gfi^-f£XS, e) SitKJta— ^-f ^^*B5I- 

[0 0 6 4] *J8fl^y7idS, K*tlSlI:3~7 t ^>' 

4<tfc*ill 5 0 0*^* hn-AcDS^Sr^-r^r. 

< £ 0 0^~v^^ hn— A©ffSSrWf"5-i:* s 
/^yr<0l»*OjfcStt*«ffltt. #*j4 0 0a> 

y?i2 5ooty^hD^A s &si<f^6 0 0^ 

682 0 0 0ty^hD-A, it)ffJKij:»8 0 
0A^1 5 0 0t^ho^-e&5, — )RIC, Sit 

hp-A, #*L<fcM$4 0 0^?>^1 6 0 0^>-^^ 

id, ^2 0 0 1 0 0 0 O*^?* Fn-A, 

L< ftms 0 0^615 7 5 0 0^>-^^ h n-jU<Di?£ 

[0 0 6 5] **w©*aisS:*^JjStt, ztibfry* v 

/l/S-p- ft (spin bowl compatibl 
[0 0 6 6] HJfi^J 1 

jf\) /^y ^^-/uzn— h (PGME 
A) fOBUI?5>3 0%COj$}&, 3 0 1. 2 6 8 g, @JF$ 
ft(D7 5. 9 5%, Mn 8 0 0, Mw2 5 0 0 g/mo 
KTg83°C) ;*»**#Ji:bTyciy^$tbfcK 
y'-SjV^l/M^TsjV^yW.V . 5 2 0 g, (King 
Industries, Norwalk, Connec 
t i c u t , *^BR5KS^SN a cure5225, W 

Mt Itr h^^h^y =2->rn?y/u (2 6. 18 

0 g , B»#© 2 2 %) ; *ffififtt¥JWMF C 4 3 0 
(3M, Minneapol is, Minnesota 
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frb9$.$Z&tlZ>. PGMEAfl%^il 5. 950 
g, mM&<O0. 0 5%) sS^^TS^-h (5. 
9 5 0 g, C:ttSr^**t^H«?^5%) ;fcit?PG 
MEA03 2 2. 5 1 2 go ZtliZX *) W&ft 1 7 %<0 
-9->7/u7 0 0 g £#fc 0 ft***r*K**W*tu*© 
(roll) L, ttffl#I(C0. 2 S 
^n>-<^7Ky (rF77/^nxfi/y) (PTFE) 

[0 0 6 7] ^Jfe^iJ 2 

P/C VD^*#g£^iM06Q£^>— (if>7VH 
-4) ^ TEL Mark8 Srffiffl LT, JlJfetffl 1 <D 

f-fy^ (AR7, Shipley Company, 
Marlborough, Massachusetts 

« 1 





mts (A) 


1 


1300 


2 


1000 


3 


700 


4 


400 


C-l 


0 


C-2 


0 


C-3 


0 



C-4 0 



[0 0 6 9] iffi^x — *f2, *^BJ^<y7»^W5 
[0 0 7 0] Hffi^I 3 

P/C V Dgtftl SrWt 5 4 o<D *x/^ (fy^ 
5-8) Sr, HJS^IltfV^ T0^T w a>!rcoff$T^ 
t'y^-MfCo Uj&ffi*2 0 5°CT6 0fj\ 
fc 0 flT|gcoSWISSit = — r^r ( A R 3 x Sh i p 1 
ey Comapan yS) BHfcSttfc/* V Tt&rfl 

A<OJ¥£<!;U o^T'2 0 5tt6 0f>^^Lt 

lO(D9x/^ (tttiiJ-V^/UC 5) Sr, P1D<AR3 



i: p / c v Diifri ?:tt 5 4 o(o r>x/N^ otifcf- 

y^Cl-C4) HC< AR7SWK?Jh3-^^ 

AjTf^ft^o "f ^T<0^:x^— &r$$R<D7* h \s*J* V 
(U V 210, Shipley Company 88) "C 

ho- j^<DJ?§|C3— r-f 1 3 0°Ct 

6 0^^^fc c oV^x/^|iASML5 50 
0/2 0 0^ffiU 25mJ/cm 2 ^633mmJ 
/cm 2 -CB3teU Mt^l : 2 CO 2 0 0 n m 

i (c^i- 0 

[0 0 6 8] 



600 sfJ—iSZfttc 

600 ^"^^tbfc 
600 ^"V^ftfc 
600 >T*— S*&|Xfc 

1300 «{^Z?£tits:frotc 

1000 ^"S^ft&J^ofc 

1600 «iA/if«WiJ'C#*v> 

1900 >f^— i^Stufc^JIr/jN 



?tl<D$=-s^— *xftm<07* V b (UV2 0 0. 

Shipl eyCompanyl) X^\?y^— 7~ 4 V 
^LfCo 7^- h Hi5 0 0 ha-AO 

— h (proximi ty hotplate) Srffiffl 
IT, 14 0tt*6 0^^Sftfco OV^'!?x/>- 
«:AS ML 5 5 0 0/3 0 OOTltl^L, 0. 2 

«V%T, ^^/^-^rl 4 0°CT9 0f>\ /n^v'^r^ 

fc 0 ^^/^sr^atm^waaE (send tot 

[0 0 7 1 ] 
[*2] 
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2. Claims 

27 

What is claimed is: 

1. A barrier composition comprising one or more cross-linkable polymers, one or 
more acid catalysts, one or more cross-linking agents and one or more solvents, wherein 
at least one of the cross-linkable polymers and the cross-linking agent comprises one or 
more acidic moieties. 

2. The composition of claim 1 wherein the cross -linkable polymer comprises as 
polymerized units one or more aromatic hydroxyl compounds. 

3. The composition of claim 1 wherein the cross -linkable polymer comprises one 
or more aromatic-aldehyde condensates. 

4. The composition of claim 1 wherein the acidic moieties are at least partially 
free of blocking groups. 

5. The composition of claim 1 wherein the cross-linkable polymer comprises one 
or more aromatic- aldehyde condensates and one or more (meth)acrylate polymers. 

6. A method of providing a barrier layer on a dielectric substrate comprising the 
step of disposing on the surface of a dielectric substrate a composition comprising one or 
more cross-linkable polymers, one or more acid catalysts, one or more cross-linking 
agents and one or more solvents, wherein at least one of the cross-linkable polymers and 
the cross-linking agent comprises one or more acidic moieties. 

7. The method of claim 6 wherein the cross-linkable polymer comprises as 
polymerized units one or more aromatic hydroxyl compounds. 

8. The method of claim 6 wherein the cross-linkable polymer comprises one or 
more aromatic-aldehyde' condensates. 

9. The method of claim 6 wherein the acidic moieties are at least partially free of 
blocking groups. 

10. The method of claim 6 wherein the cross-linkable polymer comprises one or 
more aromatic-aldehyde condensates and one or more (meth)acrylate polymers. 

1 1 . The method of claim 6 wherein the dielectric substrate is applied by physical 
vapor deposition or chemical vapor deposition. 
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12. The method of claim 6 wherein the dielectric substrate is inorganic. 

13. The method of claim 6 wherein the dielectric substrate comprises silicon. 

14. A device having a dielectric layer and a barrier layer disposed thereon, 
wherein the barrier layer comprises one or more cross-linked polymers comprising as 
polymerized units one or more cross-linkable polymers and one or more cross-linking 
agents, wherein at least one of the cross-linkable polymers and the cross-linking agent 
comprises one or more acidic moieties. 

15. The device of claim 14 further comprising a photoresist layer. 

16. The device of claim 14 further comprising an antireflective coating disposed 
between the barrier layer and the photoresist layer. 

17. The device of claim 14 wherein the barrier layer has a thickness of from 
about 200 A to about 1 .5 jim. 

18. The device of claim 14 wherein the dielectric layer is applied by physical 
vapor deposition or chemical vapor deposition. 

19. The device of claim 14 wherein the dielectric layer is inorganic. 

20. The device of claim 14 wherein the dielectric layer comprises silicon. 

21. A method of reducing contamination of a photoresist layer comprising the 
step of disposing a barrier layer between a dielectric layer and the photoresist layer, the 
barrier layer comprising one or more cross-linked polymers comprising as polymerized 
units one or more cross-linkable polymers and one or more cross-linking agents, wherein 
at least one of the cross-linkable polymers and the cross-linking agent comprises one or 
more acidic moieties. 

22. The method of claim 21 wherein the cross-linkable polymer comprises as 
polymerized units one or more aromatic hydroxyl compounds. 

23. The method of claim 21 wherein the cross-linkable polymer comprises one or 
more aromatic-aldehyde condensates. 

24. The method of claim 21 wherein the acidic moieties are at least partially free 
of blocking groups. 
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25. The method of claim 2 1 wherein the cross-linkable polymer comprises one or 
more aromatic- aldehyde condensates and one or more (meth)acrylate polymers. 

26. The method of claim 21 wherein the dielectric layer is inorganic. 

27. The method of claim 21 wherein the dielectric layer comprises silicon. 

28. The method of claim 21 wherein the barrier layer has a thickness of from 
about 200 A to about 1.5 j^m. 

29. A method for manufacturing an electronic device comprising the steps of: a) 
providing a dielectric layer on a substrate; b) disposing on a surface of the dielectric layer 
a barrier composition comprising one or more cross-linkable polymers, one or more acid 
catalysts, one or more cross-linking agents and one or more solvents, wherein at least one 
of the cross-linkable polymers and the cross-linking agent comprises one or more acidic 
moieties; and c) heating the substrate at a temperature sufficient to at least partially cure 
the barrier composition to form a barrier layer. 

30. A method for manufacturing an electronic device comprising the steps of: a) 
providing a dielectric layer on a substrate; b) disposing on a surface of the dielectric layer 
a barrier composition comprising one or more cross-linkable polymers, one or more acid 
catalysts, one or more cross-linking agents and one or more solvents, wherein at least one 
of the cross-linkable polymers and the cross-linking agent comprises one or more acidic 
moieties; c) heating the substrate at a temperature sufficient to at least partially cure the 
barrier composition to form a barrier layer; d) disposing on the surface of the barrier layer 
an antireflective coating; and e) disposing on the surface of the antireflective coating a 
photoresist layer. 
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Background of the Invention 

The present invention relates generally to the field of manufacture of electronic 
devices. In particular, the present invention relates to photoresists and antireflective 
coatings used in the manufacture of electronic devices. 

In the manufacture of electronic devices, such as printed wiring boards or 
semiconductors, a number of layers of materia], such as photoresists or antireflective 
coatings, are applied to a substrate. Photoresists are photosensitive films used for transfer 
of an image to a substrate. A coating layer of a photoresist is formed on a substrate and 
the photoresist layer is then exposed through a photomask (reticle) to a source of 
activating radiation. The photomask has areas that are opaque to activating radiation and 
other areas that are transparent to activating radiation. Exposure to activating radiation 
provides a photoinduced chemical transformation of the photoresist coating to thereby 
transfer the pattern of the photomask to the photoresist coated substrate. Following 
exposure, the photoresist is developed to provide a relief image that permits selective 
processing of a substrate. 

A photoresist can be either positive-acting or negative-acting. For most negative- 
acting photoresists, those coating layer portions that are exposed to activating radiation 
polymerize or cross-link in a reaction between a photoactive compound and 
polymerizable reagents of the photoresist composition. Consequently, the exposed 
coating portions are rendered less soluble in a developer solution than unexposed 
portions. For a positive-acting photoresist, exposed portions are rendered more soluble in 
a developer solution while areas not exposed remain comparatively less developer 
soluble. Photoresist compositions are known to the art and described by Deforest, 
Photoresist Materials and Processes, McGraw Hill Book Company, New York, ch. 2, 
1975 and by Moreau, Semiconductor Lithography, Principles, Practices and Materials, 
Plenum Press, New York, ch. 2 and 4, both incorporated herein by reference to the extent 
they teach photoresist compositions and methods of making and using them. 
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A major use of photoresists is in the manufacture of semiconductors where an 
object is to create features, such as vias, trenches or combinations thereof, in a dielectric 
layer. Proper photoresist processing is a key to attaining this object. While there is a 
strong interdependency among the various photoresist processing steps, exposure is 
believed to be one of the more important steps in attaining high resolution photoresist 
images. 

In such processes, reflection of actinic radiation during exposure of the 
photoresist and "poisoning" of the photoresist by the dielectric layer are detrimental to 
fine feature formation. Reflection of actinic radiation, such as from the layer underlying 
the photoresist, often poses limits on resolution of the image patterned in the photoresist 
layer. Reflection of radiation from the substrate/photoresist interface can produce 
variations in the radiation intensity in the photoresist during exposure, resulting in non- 
uniform photoresist linewidth upon development. Radiation also can scatter from the 
substrate/photoresist interface into regions of the photoresist where exposure is not 
intended, again resulting in linewidth variations. The amount of scattering and reflection 
will typically vary from region to region, resulting in further linewidth non -uniformity. 

Reflection of activating radiation also contributes to what is known in the art as 
the "standing wave effect." To eliminate the effects of chromatic aberration in exposure 
equipment lenses, monochromatic or quasi-monochromatic radiation is commonly used 
in photoresist projection techniques. Due to radiation reflection at the 
photoresist/substrate interface, however, constructive and destructive interference is 
particularly significant when monochromatic or quasi-monochromatic radiation is used 
for photoresist exposure. In such cases the reflected light interferes with the incident 
light to form standing waves within the photoresist. In the case of highly reflective 
substrate regions, the problem is exacerbated since large amplitude standing waves create 
thin layers of underexposed photoresist at the wave minima. The underexposed layers 
can prevent complete photoresist development causing edge acuity problems in the 
photoresist profile. The time required to expose the photoresist is generally an increasing 
function of photoresist thickness because of the increased total amount of radiation 
required to expose an increased amount of photoresist. However, because of the standing 
wave effect, the time of exposure also includes a harmonic component which varies 
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between successive maximum and minimum values with the photoresist thickness. IF the 
photoresist thickness is non-uniform, the problem becomes more severe, resulting in 
variable linewidtbs. 

With recent trends towards high-density semiconductor devices, there is a 
movement in the industry to shorten the wavelength of exposure sources to deep 
ultraviolet (DUV) light (300 nm or less in wavelength), KrF excimer laser light (248 nm), 
ArF excimer laser light (193 nm), electron beams and soft x-rays. The use of shortened 
wavelengths of light for imaging a photoresist coating has generally resulted in increased 
reflection from the upper resist surface as well as the surface of the underlying substrate. 
Thus, the use of the shorter wavelengths has exacerbated the problems of reflection from 
a substrate surface. 

An approach used to reduce the problem of reflected radiation has been the use of 
a radiation absorbing layer either interposed between the substrate surface and the 
photoresist coating layer, called a bottom antireflective coating or BARC, or a radiation 
layer disposed on the surface of the photoresist layer, called a top antireflective coating or 
TARC. See, for example, PCT Application WO 90/03598, EPO Application No. 0 639 
941 Al and U.S. Pat. Nos. 4,910,122, 4,370,405 and 4,362,809, all incorporated herein 
by reference to the extent they teach antireflective (antihaiation) compositions and the use 
of the same. Such BARC and TARC layers have also been generally referred to in the 
literature as antireflective layers or antireflective compositions. Typically, such 
antireflective compositions include a radiation absorbing component (or chromophore) a 
polymeric binder and one or more cross-linking agents. For example, conventional 
antireflective compositions typically include an epoxy-phenol binder having no free 
hydroxyl groups or an acrylate binder substantially free of acid groups. 

Variations in substrate topography also give rise to resolution-limiting reflection 
problems. Any image on a substrate can cause impinging radiation to scatter or reflect in 
various uncontrolled directions, affecting the uniformity of photoresist development As 
substrate topography becomes more complex with efforts to design more complex 
circuits, the effects of reflected radiation become more critical. For example, metal 
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interconnects used on many microelectronic substrates are particularly problematic due to 
their topography and regions of high reflectivity. 

One method of solving such problems resulting from variations in substrate 
topography is by placing a photoresist at the same height over a surface, as disclosed in 
U.S. Patent No. 4,557,797 (Fuller et ah). This patent uses a multi-layer structure having a 
relatively thick bottom layer of poly(methyl methacrylate) ("PMMA") to provide a planar 
surface, a thin middle layer of an antireflective coating and a thin top layer of a 
photoresist material. However, this system results in a thick polymer layer which must 
subsequently be removed. Such layers are typically removed by a variety of methods, 
such as chemical mechanical polishing ("CMP"), etching and wet chemical methods. 
Due to the added time and cost of such removal processes, it is desired that the polymer 
layers be as thin as possible to aid in their subsequent removal. 

Another approach to solving the problems associated with variations in substrate 
topography is that disclosed in Adams et al., Planarizing AR for DUV Lithography, 
Microlithography 1999: Advances in Resist Technology and Processing XVL 
Proceedings of SPIE, vol. 3678, part 2, pp 849-856, 1999, which discloses the use of a 
planarizing antireflective coating, which reduces the need for a separate planarizing layer 
disposed between the antireflective layer and the substrate. 

The use of photoresist layers on dielectric layers often results in "poisoning" of 
the photoresist layer. This is particularly problematic when the dielectric layer is applied 
by physical or chemical vapor deposition ("P/CVD") techniques. While the theory of 
such poisoning is not fully understood, such dielectric layers may cause a significant 
photospeed shift, lifting, profile degradation or complete dissolution inhibition in 
previously patterned aperture regions, such as via regions during trench delineation in 
dual damascene processes. Such poisoning is particularly problematic when positive 
actiug photoresists are used, such as in deep ultraviolet ("DUV 5 ) photoresists. While 
B ARCs provide an effective chemical barrier for photoresist layers, such BARCs have 
not been completely effective in providing a barrier layer against such poisoning by 
dielectric layers. 
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There is thus a need to provide effective barriers to the poisoning effect of 
photoresists by dielectric layers and particularly barrier layers that also provide a 
planarized surface. 

Summary of the Invention 

It has been surprisingly found that the present invention substantially reduces or 
eliminates the contamination or poisoning effects of photoresist layers by dielectric 
layers. It has also been surprisingly found that the compositions of the present invention 
form substantially locally planarized surfaces. It has further been surprisingly found that 
the present invention substantially reduces or eliminates standing wave effects, bowing, 
top erosion, and footing. 

In one aspect, the present invention provides a barrier composition including one 
or more cross-linkable polymers, one or more acid catalysts, one or more cross-linking 
agents and one or more solvents, wherein at least one of the cross-linkable polymers and 
the cross-linking agent includes one or more acidic moieties. 

In a second aspect, the present invention provides a method of providing a barrier 
layer on a dielectric substrate including the step of disposing on the surface of a dielectric 
substrate a composition including one or more cross-linkable polymers, one or more acid 
catalysts, one or more cross-linking agents and one or more solvents, wherein at least one 
of the cross-linkable polymers and the cross-linking agent includes one or more acidic 
moieties. 

In a third aspect, the present invention provides a device having a dielectric layer 
and a barrier layer disposed thereon, wherein the barrier layer includes one or more cross- 
linked polymers including as polymerized units one or more cross-linkable polymers and 
one or more cross-linking agents, wherein at least one of the cross-linkable polymers and 
the cross-linking agent includes one or more acidic moieties. 

In a fourth aspect, the present invention provides a method of reducing 
contamination of a photoresist layer including the step of disposing a barrier layer 
between a dielectric layer and the photoresist layer, the barrier layer including one or 
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more cross-linked polymers including as polymerized units one or more cross-linkable 
polymers and one or more cross-linking agents, wherein at least one of the cross-linkable 
polymers and the cross-linking agent includes one or more acidic moieties. 

In a fifth aspect, the present invention provides a method for manufacturing an 
electronic device including the steps of: a) providing a dielectric layer on a substrate; b) 
disposing on a surface of the dielectric layer a barrier composition including one or more 
cross-linkable polymers, one or more acid catalysts, one or more cross-linking agents and 
one or more solvents, wherein at least one of the cross-linkable polymers and the cross- 
linking agent includes one or more acidic moieties; and c) heating the substrate at a 
temperature sufficient to at least partially cure the barrier composition to form a barrier 
layer. 

In a sixth aspect, the present invention provides a method for manufacturing an 
electronic device including the steps of; a) providing a dielectric layer on a substrate; b) 
disposing on a surface of the dielectric layer a barrier composition including one or more 
cross-linkable polymers, one or more acid catalysts, one or more cross-linking agents and 
one or more solvents, wherein at least one of the cross-linkable polymers and the cross- 
linking agent includes one or more acidic moieties; c) heating the substrate at a 
temperature sufficient to at least partially cure the barrier composition to form a barrier 
layer; d) disposing on the surface of the barrier layer an antireflective coating; and e) 
disposing on the surface of the antireflective coating a photoresist layer. 

Brief Description of the Drawings 

Fig. 1 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed without the use of a barrier layer. 

Fig. 2 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed with the use of a 600 A barrier layer. 

Fig. 3 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed with the use of a 1000 A barrier layer. 
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Fig. 4 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed with the use of a 1500 A barrier layer. 

Fig. 5 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed with the use of a 2000 A barrier layer. 

Detailed Description of the Invention 

As used throughout this specification, the following abbreviations shall have the 
following meanings, unless the context clearly indicates otherwise: ° C = degrees 
Centigrade; g = gram; cm = centimeter; A = angstroms; rpm = revolutions per minute; 
%wt = percent by weight; mol% = mole percent; mJ - milliJoules; cm 2 - square 
centimerers; L = liter and mL = milliliter. 

The term "polymer" refers to dimers, trimers, tetramers, oligomers, 
homopolymers, copolymers and the like. "Monomer" refers to any ethylenically or 
acetylenically unsaturated compound capable of being polymerized. The term 
"(meth)acrylic" includes both acrylic and methacrylic and the term "(meth)acrylate" 
includes both acrylate and methacrylate. Likewise, the term "(^ethjacrylarnide" refers to 
both acrylamide and methacrylamide. "Alkyl" includes straight chain, branched and 
cyclic alkyl groups. "Cross-linker" and "cross-linking agent" are used interchangeably 
throughout this specification. "Apertures" refer to vias, trenches, and combinations 
thereof. "Features" refer to various geometries, including apertures. 

All amounts are percent by weight and all ratios are by weight, unless otherwise 
noted. All numerical ranges are inclusive and combinable. 

The present invention is directed to providing a substrate having a dielectric layer, 
particularly a PVD or CVD deposited dielectric layer, with a barrier layer. The present 
invention is further directed to reducing or eliminating the poisoning, or contamination, 
of a photoresist or antireflective coating layer by a dielectric layer. The present invention 
is particularly suited for use in any electronic device manufacturing process where a 
photoresist, antireflective coating or both are applied to a dielectric layer substrate. 
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The compositions of the present invention useful as barrier layer compositions 
include one or more cross-linkable polymers, one or more acid catalysts, one or more 
cross-linking agents and one or more solvents, wherein at least one of the cross-linkable 
polymers and the cross-linking agent includes one or more acidic moieties. "Acidic 
moieties" refer to one or more acidic groups present on the cross-linkable polymers, 
cross-linking agents or both. The acidic moieties are at least partially free, preferably 
substantially free, and more preferably free of blocking groups. The term "free of 
blocking groups" refers to acidic moieties that have not been functionalized or reacted to 
form blocked acidic groups, such as ethers or esters. "Substantially free of blocking 
groups" refers to acidic moieties wherein > 50 % of the acidic groups have not been 
functionalized or reacted to form blocked acidic groups. It is preferred that > 30 % of the 
acidic groups have not been functionalized to form blocked acidic groups and more 
preferably > 20 %, Such acidic moieties include, but are not limited to, carboxylic acids, 
sulfonic acids, phosphonic acids, hydroxyl compounds such as aromatic hydroxyl 
compounds, anhydrides and the like. It is preferred that the acidic moieties include 
aromatic hydroxyl compounds. 

It is preferred that the cross-linkable polymers include as polymerized units one or 
more monomers having acidic moieties, and more preferably one or more aromatic 
hydroxyl containing monomers. In such cross-linkable polymers, the monomers having 
acidic moieties are typically present in an amount of from about 1 to about 99 mol%, 
preferably at least about 3 mol%, more preferably at least about 5 mol%, and even more 
preferably at least about 10 moI%. Particularly suitable cross-linkable polymers include 
those having as polymerized units at least about 20, 30, 40, 50 t 60, 70, 80 and 90 mol% 
of monomers having acidic moieties. 

The cross-linkable polymers and cross-linking agents having acidic moieties 
useful in the present invention may also contain other functionality. Suitable other 
functionality includes, but is not limited to, ester groups, halogen, cyano, (Ci-Cyalkoxy, 
and the like. Such polymers and cross-linking agents may also contain more than one 
acidic moiety, such as, for example, more than one aromatic hydroxyl group or a 
combination of an aromatic hydroxyl group and a carboxylic acid. 
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Typically, the cross-linkable polymers have a weight average molecular weight of 
about 8000 or less, preferably about 5000 or less, and more preferably about 3000 or less. 
It is also preferred that the cross-linkable polymers have a weight average molecular 
weight of at least about 300, preferably at least about 400, and more preferably at least 
about 500. Thus, a particularly useful weight average molecular weight range is from 
about 300 to about 8000, and more particularly from about 300 to about 5000. 

The cross-linkable polymers of the present invention have low molecular weights 
and broad molecular weight distributions. The molecular weight distributions of the 
present invention are characterized by the polydispersity of the polymers, i.e. the ratio of 
the weight average molecular weight to number average molecular weight ("M^,,"). 
the polymers of the present invention typically have a value of Mw/M n , i.e. 
polydispersity, of at least 1.5, preferably at least 1.8, more preferably at least 2.0, still 
more preferably at least 2.5, even more preferably at least 3.0 and most preferably at least 
3.5. Typical polydispersities of such cross-linkable polymers are in the range of from 1.5 
to 4, preferably L.8 to 4, and more preferably 2 to 4. 

Suitable cross-linkable polymers include, but are not limited to, aromatic- 
aldehyde condensates and any polymers including as polymerized units one or more 
hydroxyl group containing monomers such as poly(vinylphenol). The aromatic-aldehyde 
condensates useful in the present invention include, but are not limited to, phenolic 
novolak resins. Such novolak resins are typically prepared by condensation of a phenol 
with an aldehyde and are well known in the art and described in numerous publications 
including the Kirk Othmer Encyclopedia of Chemical Technology, Volume 15, pages 
176 to 208, 1968, incorporated herein by reference to the extent it teaches such resins. 
Although phenol itself is the commonly used phenol for the formation of such phenolic 
resins, other hydroxy-substituted aromatic compounds are equally suitable, such as but 
not limited to resorcinol, alkyl substituted phenols such as naphthols, cresols, xylenols, 
and p-tert-butylphenol, and bisphenols such as p-phenylphenol and 4,4- 
isopropylidenediphenol. Preferred phenols include the cresols, and more preferably tri- 
cresol, mixtures of m- and p-cresol, 2,5-xylenol and mixtures thereof. Mixtures of 
hydroxy-substituted aromatic compounds may be advantageously used in the present 
invention. 
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The aldehyde used is typically formaldehyde, but other aldehydes such as but not 
limited to aceialdehyde, furfuraldehyde and aromatic aldehydes may be used. Preferred 
aromatic aldehydes are those where a hydroxyl group is in a position ortho to the 
carbonyl group. Most preferred aromatic aldehydes are salicylaldehyde, benzaldehyde 
and mixtures thereof. Other aromatic aldehydes suitable for purposes of the invention 
include 2-chlorobenzaldehyde, 3-hydroxybenzaldehyde, 4-hydroxybenzaldehyde, 2- 
methoxybenzaldehyde, 3-nitrobenzaldehyde, and the like. Mixtures of aldehydes may be 
advantageously used in the present invention. When an aromatic aldehyde is mixed with 
formaldehyde or a formaldehyde precursor such as paraformaldehyde, the aromatic 
aldehyde preferably is in molar excess of formaldehyde, and more preferably at least 90% 
by weight of the aldehyde mixture. 

Typically, the phenol novolak resins are formed by condensing the phenol, i.e. 
hydroxy-substituted aromatic compound, with the aldehyde in the presence of acid. The 
molar concentration of the aldehyde may be slightly less than that of the phenol, but may 
also be equivalent to or slightly in excess of the phenol without formation of a 
crosslinked resin. In this respect, the ratio of the phenol to the aldehyde may vary 
between about 1 . 1 to 1.0 and L0 to 1. 1 See, for example, U.S. Patent No. 5,939,5 1 1 
(Zampini et al.). 

In general, the polydispersity of such aromatic-aldehyde condensates useful as 
cross-linkable polymers in the present invention is at least about 2.5, preferably at least 
about 3.0 and more preferably at least about 3.5. 

Any hydroxyl group containing ethylenically or acetylenically unsaturated 
compound is useful as the hydroxyl group containing monomer in the present invention. 
Such hydroxy group containing monomers may be aliphatic or aromatic, and preferably 
aromatic. Suitable hydroxy group containing monomers include, but are not limited to, 
phenol, cresol, resorcinol, pyrogallol, methylol phenol, methyiol cresol, methylol 
resorcinol, methylol pyrogallol, hydroxyethylphenol, hydroxypropylphenol, 
hydroxyethylcresol, vinyl phenol, vinyl cresol, vinyl methoxy phenol, hydroxyethyl 
(meth)acrylate, 2-hydroxypropyI (meth)acrylate, 3-hydroxypropyl (meth)acrylate, 
hydroxycyclohexyl (meth)acrylate, hydroxyphenyl (raeth) aery late, di-ethyleneglycol 
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(meth)acrylate, bis(hydroxyethyl) itaconate, bis(hydroxyethyl) citraconate, 
bis(hydroxyethyl) fumarate, hydroxyethyl itaconate, allyl phenol, allyl methoxy phenol, 
allyl alcohol, vinyl alcohol, and the like. 

It is preferred that the cross-linkable polymers of the present invention include as 
polymerized units one or more aromatic compounds, such as at least about 3 mol%, 
preferably at least about 5 moI%, and more preferably at least about 10 mol%. Preferred 
aromatic compounds include, but are not limited to, phenolic compounds, cresolic 
compounds, resorcinolic compounds, xylenolic compounds and the like. Particularly 
useful cross-linkable polymers include those containing at least about 20 rnol% aromatic 
compounds as polymerized units. It is further preferred that the cross-linkable polymers 
include one or more aromatic- aldehyde condensates. 

Particularly useful cross-linkable polymers include one or more aromatic- 
aldehyde condensates and one or more other polymers, such as (rneth)acrylate polymers, 
wherein the value of M^/M n for the aromatic-aldehyde condensates is at least 2.5, and 
preferably at least 3.0. An advantage of including a non-aromatic polymer, such as a 
(meth)acrylate polymer, with the aromatic-aldehyde condensates is that the etch rate of 
the barrier composition may be increased. It is still further preferred that the cross- 
linkable polymers of the present invention are substantially free of silphenylene moieties, 
and more preferably free of silphenylene moieties. 

Other monomers useful in preparing the cross -linkable polymers of the present 
invention include, but are not limited to, (meth)acrylic acid, (meth)acryl amides, alkyl 
(meth)acrylates, alkenyl (meth)acrylates, aromatic (meth)acrylates, vinyl aromatic 
monomers, nitrogen-containing compounds and their thio-analogs, substituted ethylene 
monomers, and the like. Particularly suitable cross-linkable polymers useful in the 
present invention include mixtures of aromatic -aldehyde condensates, particularly 
novolak resins, with one or more or poly((meth)acrylic acid), poly((meth) aery 1 amide), 
poly(alkyl (meth)acrylate), po!y(alkenyl (meth)acrylate), poly(aromatic (meth)acrylate), 
and poly( vinyl aromatic). 

Typically, the alkyl (meth)acrylates useful in the present invention are (C1-C24) 
alkyl (meth)acrylates. Suitable alkyl (meth)acrylates include, but are not limited to, "low 
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cut" alkyl (meth)acrylates, "mid cut" alkyl (meth)acrylates and "high cut" alky] 
(meth)acrylates. 

"Low cut" alkyl (meth)acrylatcs are typically those where the alkyl group 
contains from 1 to 6 carbon atoms. Suitable low cut alkyl (meth)acrylates include, but 
are not limited to: methyl methacrylate ("MMA"), methyl acrylate, ethyl acrylate, 
propyl methacrylate, butyl methacrylate ("BMA"), butyl acrylate ("BA"), isobutyl 
methacrylate ("D3MA"), hexyl methacrylate, cyclohexyl methacrylate, cyclohexyl 
acrylate and mixtures thereof. 

"Mid cut" alkyl (meth)acrylates are typically those where the alkyl group contains 
from 7 to 15 carbon atoms. Suitable mid cut alkyl (meth)acryiates include, but are not 
limited to: 2-ethylhexyl acrylate ("EHA"), 2-ethylhexyl methacrylate, octyl 
methacrylate, decyl methacrylate, isodecyl methacrylate ("IDMA", based on branched 
(Cio)alkyl isomer mixture), undecyl methacrylate, dodecyl methacrylate (also known as 
lauryl methacrylate), tridecyl methacrylate, tetradecyl methacrylate (also known as 
myristyl methacrylate), pentadecyl methacrylate and mixtures thereof. Particularly useful 
mixtures include dodecyl-pentadecyl methacrylate ("DPMA"), a mixture of linear and 
branched isomers of dodecyl, tridecyl, tetradecyl and pentadecyl methacrylates; and 
lauryl-myristyl methacrylate ("LMA"). 

"High cut" alkyl (meth)acrylates are typically those where the alkyl group 
contains from 16 to 24 carbon atoms. Suitable high cut alkyl (meth)acrylates include, but 
are not limited to: hexadecyl methacrylate, heptadecyl methacrylate, octadecyl 
methacrylate, nonadecyl methacrylate, cosyl methacrylate, eicosyl methacrylate and 
mixtures thereof. Particularly useful mixtures of high cut alkyl (meth)acrylates include, 
but are not limited to: cetyl-eicosyl methacrylate ("CEMA"), which is a mixture of 
hexadecyl, octadecyl, cosyl and eicosyl methacrylate; and cetyl-stearyl methacrylate 
("SMA"), which is a mixture of hexadecyl and octadecyl methacrylate. 

The mid-cut and high-cut alkyl (meth)acrylate monomers described above are 
generally prepared by standard esterification procedures using technical grades of long 
chain aliphatic alcohols, and these commercially available alcohols are mixtures of 
alcohols of varying chain lengths containing between 10 and 15 or 16 and 20 carbon 
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atoms in the alky! group. Examples of these alcohols are the various Ziegler catalyzed 
ALFOL alcohols from Vista Chemical company, i.e., Alfol 1618 and Alfol 1620, 
Ziegler catalyzed various Neodol alcohols from Shell Chemical Company, i.e. NEODOL 
25L, and naturally derived alcohols such as Proctor & Gamble's TA-1618 and CO-1270. 
Consequently, for the purposes of this invention, alkyl (meth)acrylate is intended to 
include not only the individual alkyl (meth)acrylate product named, but also to include 
mixtures of the alkyl (meth)acrylates with a predominant amount of the particular alkyl 
(meth)acrylate named. 

The alkyl (meth)acrylate monomers useful in the present invention may be a 
single monomer or a mixture having different numbers of carbon atoms in the alkyl 
portion. Also, the (meth)acrylamide and alkyl (meth)acrylate monomers useful in the 
present invention may optionally be substituted. Suitable optionally substituted 
(meth)acryl amide and alkyl (meth)acrylate monomers include, but are not limited to: 
hydroxy (C2-C6)alkyl (meth)acrylates, dialkylaimno(C2-G0-alkyl (meth)acrylates, 
dialkyl amino(C2-C6)alky 1 (meth)acry 1 amides . 

Particularly useful substituted alkyl (meth)acrylate monomers are those with one 
or more hydroxy 1 groups in the alkyl radical, especially those where the hydroxyl group 
is found at the p-position (2-position) in the alkyl radical. Hydroxyalkyl (meth)acrylate 
monomers in which the substituted alkyl group is a (C 2 -C6)alkyl, branched or 
unbranched, are preferred. Suitable hydroxyalkyl (meth)acrylate monomers include, but 
are not limited to: 2-hydroxyethyl methacrylate ("HEMA"), 2-hydroxyethyl acrylate 
("HE A"), 2-hydroxypropyl methacrylate, l-methyl-2-hydroxyethyl methacrylate, 2- 
hydroxy- propyl acrylate, 1 -methyl-2~hydroxyethyl acrylate, 2-hydroxybutyl 
methacrylate, 2-hydroxybutyl acrylate and mixtures thereof. The preferred hydroxyalkyl 
(meth)acrylate monomers are HEMA, l-methyl-2-hydroxyethyl methacrylate, 2- 
hydroxypropyl methacrylate and mixtures thereof. A mixture of the latter two monomers 
is commonly referred to as "hydroxypropyl methacrylate" or "HPMA." 

Other substituted (meth)acrylate and (meth)acrylamide monomers useful in the 
present invention are those with a cb alkyl amino group or dialkylaminoalkyl group in the 
alkyl radical. Examples of such substituted (meth)acrylates and (meth)acrylamides 
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include, but are not limited to: dimethyl aminoethyl methacrylate, dimethylaminoetfayl 
acrylate, N.N-dimethylaminoethyl methacrylamide, N,N-dimethyl-aminopropyl 
methacryl amide, N,N-dimethylaininobutyl methacrylamide, N t N-di-ethylaminoethyl 
methacrylamide, N,N-diethylaminopropyi methacrylamide, N,N-diethylaminobutyJ 
methacrylamide, N-(l,l-dimethyl-3-oxobutyl) acrylamide, N-(l,3-diphenyl-l-ethyl-3- 
oxobutyl) acrylamide, N-(l -methyl- l-phenyl-3-oxobutyl) methacrylamide, and 2- 
hydroxyethyl acrylamide, N-methacrylamide of aminoethyl ethylene urea, N- 
methacryloxy ethyl morpholine, N-maleimide of dimethylaminopropyl amine and 
mixtures thereof. 

Other substituted (meth)acrylate monomers useful in the present invention are 
silicon-containing monomers such as y-propyl tri(C|-C6)alkoxysilyl (meth)acryiate, y- 
propyl tri(C r C6)alkylsilyl (meth)acrylate, y-propyl diCCrQJalkoxy^rQOalkylsilyl 
(meth)acrylate, y-propyl di(Ci-C6)alkyl(Ci-C6)alkoxysilyl (meth)acrylate, vinyl triCQ- 
C6)alkoxysilyl (meth) acrylate, vinyl di(C|-C6)alkoxy(CrQ)alkylsilyl (meth) acrylate, 
vinyl (Ci-C6)alkoxydi(Ci-C6)alkylsilyl (meth)acrylate, vinyl tri(C]-C 6 )alkylsiIyl 
(meth)acrylate, and mixtures thereof. 

The vinylaromatic monomers useful as unsaturated monomers in the present 
invention include, but are not limited to: styrene ("STY"), a-methylstyrene, 
vinyltoluene, /?-methylstyrene, ethylvinylbenzene, vinylnaphthalene, vinylxylenes, and 
mixtures thereof. The vinylaromatic monomers also include their corresponding 
substituted counterparts, such as halogenated derivatives, i.e., containing one or more 
halogen groups, such as fluorine, chlorine or bromine; and nitro, cyano, (Ci-Cio)alkoxy, 
halo(Ci-C 10 )alkyl, carb(Ci-Cio)alkoxy, carboxy, amino, (Ci-Cio)alkylamino derivatives 
and the like. 

The nitrogen-containing compounds and their thio-anaiogs useful as unsaturated 
monomers in the present invention include, but are not limited to: vinylpyridines such as 
2-vinylpyridine or 4-vinyipyridine; lower alkyl (C r Cg) substituted N-vinyi pyridines 
such as 2-methyl-5-vinyl-pyridine, 2-ethyl-5-vinylpyridine, 3-methyl-5-vinylpyridine, 
2,3-dimethyi-5-vinyl-pyridine, and 2-methyl-3-ethyl-5-vinylpyridine; methyi-substituted 
quinolines and isoquinolines; N-vinylcaprolactam; N-vinylbutyroIactam; N- 
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viuylpyrrolidone; vinyl imidazole; N-vinyl carbazole; N-vinyl-succinimide; 
(meth)acryionitrile; 0-, m- t or p-arninostyrene; maleimide; N-vinyl-oxazoiidone; N,N- 
dimethyl aminoethyl- vinyl-ether; ethyl-2-cyano acrylate; vinyl acetonitrile; N- 
vinylphthalimide; N- vinyl-pyrrol idones such as N-vinyl -thio-pyrrolidone, 3 methyl- 1- 
vinyl-pyrrolidone, 4-methyl-l-vinyl-pyrrolidone, 5-methyl-l -vinyl-pyrrolidone, 3-ethyl- 
1 -vinyl-pyrrolidone, 3-butyl-l -vinyl-pyrrolidone, 3, 3-dimethy I- 1 -vinyl-pyrrolidone, 4,5- 
ojmethyl-l-vinyl-pyrrolidone, 5,5-dimethyl-l -vinyl-pyrrolidone, 3,3,5-trimethyl-l- vinyl- 
pyrrolidone, 4-ethyl-l-vinyl-pyrrolidone, 5-methyl-5-ethyl-l -vinyl-pyrrolidone and 3,4,5- 
trimethyl-1 -vinyl-pyrrolidone; vinyl pyrroles; vinyl anilines; and vinyl piperidines. 

The substituted ethylene monomers useful as unsaturated monomers in the present 
invention include, but are not limited to: allylic monomers, vinyl acetate, vinyl 
formamide, vinyl chloride, vinyl fluoride, vinyl bromide, vinylidene chloride, vinylidene 
fluoride and vinylidene bromide. 

Cross-linkable polymers are present in the compositions of the invention across a 
wide range of amounts. Typically, the cross-linkable polymers are present in amounts of 
from about 40 to about 85 % of solids, and preferably from about 60 to about 85 % of 
solids. 

Cross-linkers useful in the present invention are any which undergo acid 
catalyzed cross-linking with the cross-linkable polymers. Typically, the cross-linkers of 
the present invention have a molecular weight of about 120 Daltons or greater. It is 
preferred that the cross-linkers undergo cross-linking reactions a temperature from about 
75° C to about 250° C. Suitable cross-linkers include di-, tri-, tetra-, or higher multi- 
functional ethylenically unsaturated monomers. Examples of cross-linkers useful in the 
present invention include, but are not limited to: trivinylbenzene, divinyl toluene, 
divinylpyridine, divinylnaphthalene and divinylxylene; and such as ethyleneglycol 
diacryiate, trimethylolpropane triacrylate, diethyleneglycol divinyl ether, 
trivinylcyclohexane, aliyl methacrylate ("ALMA"), ethyleneglycol dimethacrylate 
("EGDMA"), diethyleneglycol dimethacrylate ("DEGDMA"), propyleneglycol 
dimethacrylate, propyleneglycol diacryiate, trimethylolpropane trimethacrylate 
CTMPTMA"), divinyl benzene ("DVB"), glycidyl methacrylate, 2,2-dimethylpropane 
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1,3 diacrylate, l,3-buty!ene glycol diacrylate, 1,3-butyIene glycol dimethacrylate, 1,4- 
butanediol diacrylate, diethylene glycol diacrylate, diethylene glycol dimethacrylate, 1,6- 
hexanediol diacrylate, 1,6-hexanedioI dimethacrylate, tripropylene glycol diacrylate, 
triethylene glycol dimethacrylate, tetraethylene glycol diacrylate, polyethylene glycol 200 
diacrylate, tetraethylene glycol dimethacrylate, polyethylene glycol dimethacrylate, 
ethoxylated bisphenol A diacrylate, ethoxylated bisphenol A dimethacrylate, 
polyethylene glycol 600 dimethacrylate, poly(butanediol) diacrylate, pentaerythritol 
triacrylate, trimethylolpropane triethoxy triacrylate, glyceryl propoxy triacrylate, 
pentaerythritol tetraacrylate, pentaerythritol tetrameth aery late, dipentaerythritol 
monohydroxypentaacrylate, di vinyl silane, tri vinyl silane, dimethyl divinyl silane, divinyl 
methyl silane, methyl trivinyl silane, diphenyl divinyl silane, divinyl phenyl silane, 
trivinyl phenyl silane, divinyl methyl phenyl silane, tetravinyl silane, dimethyl vinyl 
disiloxane, poly(methyl vinyl siloxane), poly( vinyl hydro siloxane), poly (phenyl vinyl 
siloxane), tetra(Ci-C8)aIkoxyglycoluril such as tetramethoxyglycoluril and 
tetrabutoxyglycoluril, and mixtures thereof. 

The cross-linkers of the present invention may be used in the compositions of the 
present invention in a wide range of concentrations. Typically, the cross-linkers are 
present in amounts of from about 1 to about 30 % of solids, preferably from about 10 to 
about 25 % of solids, and more preferably from about 15 to about 25 % of solids. 

The acid catalysts useful in the present invention are any which are capable of 
catalyzing the cross-linking reaction of the barrier layer compositions of the present 
invention and include free acids and acid generators. Examples of free acids include, but 
are not limited to, sulfonic acids such as methane sulfonic acid, ethane sulfonic acid, 
propyl sulfonic acid, phenyl sulfonic acid, toluene sulfonic acid, dodecylbenzene sulfonic 
acid, and trifluoromethyl sulfonic acid. 

The acid generators include thermal acid generators ('TAGs"), photoacid 
generators ("PAGs") and mixtures thereof. Any thermal acid generator and any 
photoacid generator are useful in the present invention. A thermal acid generator is any 
compound that liberates acid upon thermal treatment. Suitable thermal acid generators 
include, but are not limited to, 2,4,4,6-tetrabromocyclohexadienone, benzoin tosylate, 2- 
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nitrobenzyl tosylate, other alkyl esters of organic sulfonic acids and amine salts of 
sulfonic acids, such as amine salts of dodecyl benzene sulfonic acid. Compounds that 
generate a sulfonic acid upon activation, i.e. exposure to heat, are generally suitable. 
Photoacid generators are compounds that liberate acid upon photolysis. Suitable 
photoacid generators include, but are not limited to, onium salts and halogenated non- 
ionic photoacid generators such as l,l-bis(p-chiorophenyl)-2,2,2-trichloroethane and 
fluoroalkylsulfonic acids, such as perfluorooctyl sulfonic acid. 

The acid catalysts are typically present in the compositions of the present 
invention in an amount sufficient to catalyze the desired cross-linking reactions, such as 
from about 0. 1 to about 8 % of solids, and preferably from about 0.5 to about 5 % of 
solids. It is preferred that a combination of acid catalysts is used in the present invention. 
Suitable combinations include a free acid with a photoacid generator and a free acid with 
a thermal acid generator. Such acid catalysts are generally known or commercially 
available and may be used without further purification. 

The compositions of the present invention contain one or more solvents. Any 
solvent that is compatible with the formulation is suitable. Solvents having low viscosity 
are preferred. Suitable solvents include, but are not limited to, propylene glycol methyl 
ether acetate, 2-heptanone, ethyl lactate or one or more of the glycol ethers such as 2- 
methoxyethyl ether (diglyme), ethylene glycol mono methyl ether, and propylene glycol 
monomethyl ether, solvents that have both ether and hydroxy moieties such as methoxy 
butanol, ethoxy butanol, methoxy propanol and ethoxy propanol; esters such as methyl 
cellosolve acetate, ethyl cellosolve acetate, propylene glycol monomethyl ether acetate, 
dipropylene glycol monomethyl ether acetate and other solvents such as dibasic esters, 
propylene carbonate and gamma-butyrolactone. Particularly suitable solvents useful in 
the present invention are relatively high boiling, i.e. such solvents have boiling points at 
least about 170° C, and preferably at least about 190° C. Mixtures of solvents may be 
advantageously used in the present invention. Thus, the solvents of the present invendon 
may be admixed with one or more other solvents. Such other solvents may be high 
boiling or low boiling. When two or more solvents are used, it is preferred that at least 
one solvent has a boiling point in the range of from about 75° to about 200° C. It is 
further preferred that when two or more solvents are used, that at least one solvent has a 
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boiling point of less than about 200° C and at least one other solvent has a boiling point 
greater than about 200° C. 

The compositions of the present invention may optionally include one or more 
other components, such as, but not limited to, plasticizers, surfactants, leveling agents, 
dyes, pigments, chromophores, and the like. 

Plasticizers may be added to the compositions of the present invention to improve 
certain characteristics of the compositions. Suitable plasticizers include, but are not 
limited to, dibasic esters such as dimethyl adipate and dimethyl succinate. Mixtures of 
plasticizers may be used in the present invention. Typically, the plasticizers are used in 
an amount of from about 0.5 to about 10 % of solids, and preferably from about 1 to 
about 5 % of solids. It is preferred that one or more plasticizers are used in the 
compositions of the present invention. It will be appreciated by those skilled in the art 
that higher amounts of plasticizers, such as up to about 50 to about 100 % of solids, may 
be advantageously used in the present invention. It is preferred that the plasticizer is a 
liquid. 

Optional surfactants include, but are not limited to, nonionic surfactants, cationic 
surfactants and mixtures thereof. Particularly suitable surfactants are fiuorinated 
surfactants, such as those available from the 3M Company. Surfactants are typically used 
in an amount of from about 0. 1 to about 1 .0 %wt. 

The leveling agents useful in the present invention are surface leveling agents 
such as those available under the tradename Silwet 7604 from Witco, or the surfactant 
FC 430 available from the 3M Company. The choice and amount of such leveling agent 
is within the ability of one skilled in the art Typically, such leveling agents are used in 
an amount of from about 0.1 to about 2 % of total solids. 

The compositions of the present invention may also function as antireflective 
coatings. For example, when the cross -linkable polymer and/or the cross-linking agent 
contains aromatic groups, such compositions may be used as an antireflective 
composition for 193 nm radiation. In the alternative, dyes or chromophores may be 
added to the compositions of the present invention, such as by copolymerization or 
admixture with, to provide antireflective compositions useful at other wavelengths of 
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radiation. For example, the cross-linkable polymer and/or cross-linking agent may 
contain sufficient chromophore groups to yield an optical density of from about 0.3 to 
about 0.8 at the exposure wavelength used for subsequently applied photoresist layers. In 
the alternative, a chromophore such as an anthracene compound, may be added directly 
to the present compositions. 

The concentration of the dry components, i.e. one or more cross-linkable 
polymers, one or more acid catalysts and one or more cross-linking agents, in the solvent 
will depend on several factors such as the method of application. In general, the solids 
content of the compositions of the present invention include from about 0.5 to 25 weight 
percent of the total weight of the composition, preferably the solids content varies from 
about 2 to 20 weight percent of the total weight of the composition. The compositions of 
the present invention are prepared by combining the components in any order. 

The compositions of the present invention are useful as a barrier layer on a 
substrate, particularly dielectric layer substrates, in the manufacture of electronic devices, 
such as semiconductors, conductors, integrated circuits, printed wiring boards, and the 
like. The compositions of the present invention are particularly useful in the manufacture 
of semiconductor devices such as wafers used in the manufacture of semiconductors. 
The compositions of the present invention may be applied to the substrate by any of a 
variety of means, such as by spin coating. When applied to a substrate, the compositions 
of the present invention provide a coating or layer disposed on the surface of the 
substrate. When the compositions are applied by spin coating, such as to a 
semiconductor wafer, the thickness of the resulting film can be controlled, such as from 
about <200 A to about 1.5 urn, and preferably from about 200 A to about 1.5 urn. 
Typically, the barrier compositions of the present invention are applied in layers of from 
about 600 to about 1600 A, and preferably from about 600 to about 1200 A. 

Thus, the present invention provides a method of providing a barrier layer on a 
dielectric substrate including the step of disposing on the surface of a dielectric substrate 
a composition including one or more cross-linkable polymers, one or more acid catalysts, 
one or more cross-linking agents and one or more solvents, wherein at least one of the 
cross-linkable polymers and the cross-linking agent includes one or more acidic moieties. 
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The banier layers of the present invention may be advantageously used to reduce or 
eliminate the contamination of any photoresist or antireflective coating by any dielectric 
layer, preferably PVD or CVD deposited dielectric layers. Suitable dielectric layers 
include inorganic dielectric layers, organic dielectric layers and mixtures thereof, and 
preferably inorganic dielectric layers. Suitable inorganic dielectric layers include, but are 
not limited to, silicon containing dielectric materials such as silica, silsesquioxanes, 
partially condensed alkoxysilanes, organically modified silicates, and the like. Various 
organic dielectric materials may also be used in the present invention. 

Typically, the compositions of the present invention are at least partially cured by 
heating at a temperature of from about 75° to about 250° C, preferably from about 90° to 
about 225° C. "At least partially cured" refers to at least about 10% cross-linking of the 
barrier composition. It is preferred that the barrier composition is substantially cross- 
linked and more preferably fully crossl inked; The compositions of the present invention 
may be cured by subjecting a substrate coated with the composition to a one-step or two- 
step bake. A one-step bake heats the compositions of the present invention at a 
temperature and for a period of time sufficiendy to at least partially, and preferably 
substantially, cross-link the composition. In the alternative, a two-step bake may be used 
which heats the compositions of the present invention at a first temperature which is not 
sufficient to cure the compositions but allows the compositions to reflow to improve 
planarization, followed by heating at a second temperature and for a period of time 
sufficiently to at least partially, and preferably substantially, cross-link the composition. 

In general, the compositions of the present invention are cured from about 15 to 
about 360 seconds, preferably from about 15 to about 120 seconds, more preferably from 
about 30 to about 120 seconds, and even more preferably about 60 seconds. It will be 
appreciated by those skilled in the art that the specific curing time will depend upon the 
specific cross-linking agent, amount of cross-linking agent, amount of acid catalyst, 
heating temperature, among others 

Thus, the present invention also provides substrates or devices having a dielectric 
layer and a barrier layer disposed thereon, wherein the banier layer includes one or more 
cross-linked polymers including as polymerized units one or more cross-linkable 
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polymers and one or more cross-linking agents, wherein at least one of the cross-linkable 
polymers and the cross-linking agent includes one or more acidic moieties. It is preferred 
that in such devices that a photoresist layer is disposed on the barrier layer. It is further 
preferred that an antireflective composition is disposed between the barrier layer and the 
photoresist layer. 

In the manufacture of electronic devices, particularly semiconductor wafers, 
dielectric layers are often applied, such as by physical vapor deposition ("P VD") or 
chemical vapor deposition ("CVD")- These dielectric layers need to be patterned for 
subsequent etching and metallization steps. Such patterning is achieved through the use 
of photoresists, often in conjunction with antireflective coatings. The application of a 
layer of a barrier composition of the present invention prior to the application of the 
photoresist layer, and preferably prior to the application of an antireflective coating, 
greatly reduces or eliminates poisoning or contamination of the photoresist layer by the 
dielectric layer. 

The poisoning or contamination of a photoresist layer is evidenced by reduced 
resolution of features. For example, Fig. 1 shows a scanning electron micrograph 
("SEM") of a cross-sectional image of a contact hole in a dielectric layer formed without 
the use of a barrier layer. Significant bowing in the bottom of the contact hole can clearly 
be seen in this figure. When a barrier layer of the present invention is used, the poisoning 
or contamination of the photoresist layer, as evidenced by bowing, is gready reduced or 
eliminated. Fig. 2 shows a SEM of a cross-sectional image of a contact hole in a 
dielectric layer formed with the use of a 600 A barrier layer of the present invention. A 
reduction in the amount of bowing in the bottom of the contact hole as compared to Fig. 1 
is clearly visible. Thicker barrier layers of the present invention further reduce such 
poisoning or contamination. Figures 3 to 5 show a SEM of a cross-sectional image of a 
contact hole in a dielectric layer formed with the use of a 1000 A, 1500 A and 2000 A 
thick barrier layer, respectively. As can be seen from Figures 2 through 5, the barrier 
layers of the present invention significantly reduce the poisoning or contamination of a 
photoresist layer, as evidenced by bowing, 
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Thus, the present invention provides a method for manufacturing an electronic 
device including the steps of: a) providing a dielectric layer on a substrate; b) disposing 
on a surface of the dielectric layer a barrier composition including one or more cross- 
linkable polymers, one or more acid catalysts, one or more cross-linking agents and one 
or more solvents, wherein at least one of the cross -linkable polymers and the cross- 
linking agent includes one or more acidic moieties; and c) heating the substrate at a 
temperature sufficient to at least partially cure the barrier composition to form a barrier 
layer. Typically, a photoresist layer is disposed on the surface of the barrier layer. It is 
preferred that an anti reflective coating is disposed between the surface of the barrier layer 
and the photoresist layer. It is further preferred that the photoresist layer includes a 
positive acting photoresist 

Thus, the present invention provides a method for manufacturing an electronic 
device including the steps of: a) providing a dielectric layer on a substrate; b) disposing 
on a surface of the dielectric layer a barrier composition including one or more cross- 
linkable polymers, one or more acid catalysts, one or more cross-linking agents and one 
or more solvents, wherein at least one of the cross-linkable polymers and the cross- 
linking agent includes one or more acidic moieties; c) heating the substrate at a 
temperature sufficient to at least partially cure the barrier composition to form a barrier 
layer; d) disposing on the surface of the barrier layer an antireflective coating; and e) 
disposing on the surface of the antireflective coating a photoresist layer. 

If a barrier layer of the present invention is used without an antireflective coating, 
it is preferred that the barrier layer has a thickness of at least about 1000 A, more 
preferably at least about 1200 A, and even more preferably at least about 1500 A. When 
an antireflective coating is disposed between the barrier layer and the photoresist layer, it 
is preferred that the barrier layer has a thickness of at least about 400 A, and more 
preferably of at least about 600 A. Typical ranges of barrier thickness are from about 400 
to about 2500 A, preferably from about 600 to about 2000 A, and more preferably from 
about 800 to about 1500 A. In general, antireflective coatings have a thickness of from 
about 200 to about 2000 A, and preferably from about 400 to about 1600 A Photoresist 
layers, in general, have a thickness of from about 200 to about 10,000 A, preferably from 
about 500 to about 7500 A. 
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An advantage of the compositions of the present invention is that they are spin 
bowl compatible with photoresist and spin-on dielectrics. 

Although the invention has been described primarily with respect to 
semiconductor manufacture, it will be appreciated that the present invention may be used 
in a wide variety of applications. 

The following examples are intended to illustrate further various aspects of the 
present invention, but are not intended to limit the scope of the invention in any aspect. 

Example 1 

A barrier layer composition was prepared by combining a meta-cresol-para- 
cresol-2,5-dimethoxyphenol novolak polymer (301.268 g of a 30 % solids solution in 
propylene glycol tnonomethyl ether acetate ("PGMEA"), 75,95% of solids, Mn 800, Mw 
2500 g/mol, Tg 83° C), 9.520 g of a blocked dodecyl benzene sulfonic acid as a thermal 
acid generator, (Nacure 5225 available from King Industries, Norwalk, Connecticut, as a 
25 % solids solution in iso-propanol, 2% of solids), tetxabutoxyglycoluril as cross- 
linking agent (26.180 g, 22 % of solids), FC430 (available from 3M T Minneapolis, 
Minnesota) as a surface active leveling agent (5.950 g of a 1% solution in PGMEA, 
0.05% solids), dimethyl adipate (5.950 g, 5 % of solids without including it in solids 
calculation), and 322.512 g of PGMEA. This prepared a 700 g sample at 17 % solids. 
The composition was rolled for a period sufficient to solubilize the material and filtered 
through a 0.2 micron poly(tetrafluoroethylene) ("PTFE") filter prior to use v 

Example 2 

Four wafers containing a P/CVD dielectric layer (Samples 1-4) were spin coated 
with various thicknesses of the barrier composition of the Example I using a TEL Mark 
8. The compositions were baked at 195° C for 60 seconds. A commercially available 
antireflective coating (AR7, available from Shipley Company, Marlborough, 
Massachusetts) was spin coated on the surface of the cured barrier composition to 
provide a thickness of 600 A and then baked at 175° C for 60 seconds to cure the film. 
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Four wafers containing the same P/CVD dielectric layer (Comparative Samples 
C1-C4) were spin coated with the same AR7 antireflective coating at various thicknesses 
and baked under the same conditions. These comparative samples did not contain any 
barrier composition- 
All the wafers were then spin coated with a commercially available photoresist 
(UV210, available from Shipley Company). The photoresist was coated to a thickness of 
5000 A and baked at 130° C for 60 seconds. The wafers were then exposed using an 
ASML 5500/200 tool at 25 mJ/cm 2 up to 33 mmJ/cm 2 to prepare 200 nra trenches having 
an aspect ratio of 1:2. Following exposure, the wafers were baked at 130° C for 90 
seconds and then developed. The results are reported in Table 1 . 



Table 1 



Sample 


Barrier Composition 
Thickness (A) 


Antireflective Coating 
Thickness (A) 


Exposure Results 


I 


1300 


600 


Imaged 


2 


1000 


600 


Imaged 


3 


700 


600 


Imaged 


4 


400 


600 


Imaged 


C-1 


0 


1300 


Did not image 


C-2 


0 


1000 


Did not image 


C~3 


0 


1600 


Barely discernible 
imaging 


C-4 


0 


1900 


Imaged, but not at 
lowest dose 



The above data clearly show that the barrier compositions of the present invention 
are effective in reducing or preventing contamination of poisoning of photoresist layers 
by dielectric layers. Further, when the compositions of the present invention are used, 
the thickness of any antireflective coating layer may be reduced. 
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Example 3 

Four wafers having a P/CVD dielectric layer (Samples 5-8) were spin coated with 
various thicknesses of the barrier composition of the Example 1. The compositions were 
baked at 205° C for 60 seconds. A commercially available antireflective coating (AR3, 
available from Shipley Company) was spin coated on the surface of the cured barrier 
composition to provide a thickness of 600 A and then baked at 205° C for 60 seconds to 
cure the film. One wafer (Comparative Sample C-5) containing the same P/CVD 
dielectric layer was spin coated with the same AR3 antireflective coating at 600A 
thickness and baked under the same conditions. This comparative sample did not contain 
the barrier composition. 

Each wafer was then spin coated with a commercially available photoresist 
(UV200, available from Shipley Company). The photoresist was coated to a thickness of 
5000 A and baked at 140° C for 60 seconds using a proximity hotplate. The wafers were 
then exposed using an ASML 5500/300 tool to prepare 0.22 U- contact holes. Following 
exposure, the wafers were baked at 140° C for 90 seconds using a proximity hotplate and 
then developed. After development, the wafers were examined using scanning electron 
microscopy ("SEM")< Figures 1-5 show the cross-sectional image of the contact holes 
formed. The exposure conditions are results are reported in Table 2. 



Table 2 



Sample 


Barrier Composition 
Thickness (A) 


Eo (mJ/cm 2 ) 


E, (mJ/cm 2 ) 


Figure 


5 


600 


5.0 


33.0 


2 


6 


1000 


5.0 


29.5 


3 


7 


1500 


5.0 


345 


4 


8 


2000 


5.0 


33.0 


5 


C-5 


0 


5.9 




1 



The use of the barrier compositions of the present invention provide contact holes 
having better sidewall definition and less bowing than those formed without the use of 
the barrier composition. For example, Figure 1 shows the cross-sectional image of a 
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contact hole from Comparative Sample C-5, which shows significant bowing. In 
contrast, Figures 2-5 show cross-sectional images of contact holes formed using the 
barrier compositions of the present invention. In these figures, it can clearly be seen that 
the contact holes have better sidewall definition and significantly less bowing. 
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4. Brief Description of the Drawings 



Fig. 1 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed without the use of a barrier layer. 

Fig. 2 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed with the use of a 600 A barrier layer. 

Fig. 3 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed with the use of a 1000 A barrie? layer. 

Fig. 4 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed with the use of a 1500 A barrier layer. 

Fig. 5 shows a SEM of a cross-sectional image of a contact hole in a dielectric 
layer formed with the use of a 2000 A barrier layer. 




FIG. 1 
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F I G. 3 
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F I G. 4 




F I G. 5 
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Abstract 
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Abstract of the Disclosure 

Disclosed are compositions and methods for providing barrier layers for use in 
electronic device manufacture. Also disclosed are methods of reducing or eliminating 
poisoning of photoresists during electronic device manufacture. 



Representative Drawing 
Nothing 



